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CLAIMS: 

1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more^ieat sources to at least one portion of the 

5 formation; 

allowing the heat to transfer fr^m the one or more heat sources to a selected 
section of the formation; 

controlling the heat from the/one or more heat sources such that an average 
temperature within at least a majoq/ty of the selected section of the formation is less than 
10 about 375 °C; and 

producing a mixture from ithe formation. 

2. The method of claim 1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein ^aperposition of heat from at least the two heat sources 

15 pyrolyzes at least some coal wjrthin the selected section of the formation. 

3. The method of claim I, wherein controlling formation conditions comprises 
maintaining a temperature wjfthin the selected section within a pyrolysis temperature 
range. 

20 

4. The method of claii^i 1, wherein the one or more heat sources comprise electrical 
heaters. 

5. The method of cla^m 1, wherein the one or more heat sources comprise surface 
25 burners. 



6. The method of cljkim 1, wherein the one or more heat sources comprise flameless 
distributed combustors. 



30 7. The method of c 
distributed combustors. 



aim 1 , wherein the one or more heat sources comprise natural 
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8. The method of claim 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, ^or the temperature is controlled as 
a function of pressure. 



10 



9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation \^th a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. 



ni 



15 11. The method of claim 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 
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12. The method of claim 1, wherein providing heat from the one or more heat sources 
to at least the portion of formation comprises: 

heating a selected volume (Vjof the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ) ? and wherein the heating 
pyrolyzes at least some coal within me selected volume of the formation; and 

wherein heating energy/day/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



\ 
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13. The method of claim 1, wherein allowing the heatvto transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 

conduction. >' 

/ 

/ 

i 

14. The method of claim 1 , wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the pro/uced mixture comprises condensable 
hydrocarbons having an API gravity of at lea^rt about 25°. 

16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % b^y weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 7. The method of claim 1 , wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about O.yOl to about 0.15. 

18. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein abouf 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are mefins. 



19. The method of claim 1/ wherein the produced mixture comprises condensable 



hydrocarbons, and wherein le 



basis, of the condensable hyd -ocarbons is nitrogen. 



20. The method of claim 



s than about 1 % by weight, when calculated on an atomic 



wherein the produced mixture comprises condensable 
hydrocarbons, and wherein liss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyc rocarbons is oxygen. 
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21 . The method of claim L wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to ab'out 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

/ 

22. The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 
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23. The method of claim L wherein Me produced mixture comprises condensable 
hydrocarbons, and wherein greater thanyabout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds/ 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



L-l 



20 



25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less fhan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 
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26. The method of claim y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non- 



condensable component 
wherein the hydrogen is gr 
component, and wherein X\ 
condensable component 



erein the non-condensable component comprises hydrogen, 
ater than about 10 % by volume of the non-condensable 
e hydrogen is less than about 80 % by volume of the non- 
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28. The method of claim 1. wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 



/ 



least about 2.0 bar absolute. 



3 1 . The method of claim 1 , further comprising controlling formation conditions such 
that the produced mixture comprises a pa/rtial pressure of H2 within the mixture greater 
than about 0.5 bar. 



32. The method of claim 31, wheyein the partial pressure of H2 is measured when the 
mixture is at a production well. 

33. The method of claim 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1, ftirther comprising altering a pressure within the 
formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 25/ 



35. The method of claim 1, further comprising: 

providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tfhe section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprisingfhydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



37. The method of claim 1, wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to/greater than about 100 millidarcy. 



m 
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38. The method of claim 1, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabilWof a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

40. The method of claim 1 . wherein producing the mixture comprises producing the 
mixture in a production well, and whereip at least about 7 heat sources are disposed in the 
formation for each production well. 



□ 20 



41 . The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a uryt of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim 1 , further comprising providing heat from three or more heat 
sources to at least a portion of ihe formation, wherein three or more of the heat sources 
25 are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



43 . The method of clair i 
30 gas stream and a liquid stream 



1 , further comprising separating the produced mixture into a 
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44. The method of claim 1 . further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 



5 45. The method of claim 1 , wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the/lfeS from non-condensable hydrocarbons. 

/ 

46. The method of claim 1 , wherein the'produced mixture comprises CO2, the method 
further comprising separating a portion oy the CO2 from non-condensable hydrocarbons. 

47. The method of claim 1, whereiiythe mixture is produced from a production well, 
wherein the heating is controlled such/hat the mixture can be produced from the 
formation as a vapor. 



10 



J 15 48. The method of claim 1 , wherein the mixture is produced from a production well. 
5 y the method further comprising hewing a wellbore of the production well to inhibit 

fi condensation of the mixture withtfi the wellbore. 



ry 



49. The method of claim 1. wherein the mixture is produced from a production well, 
20 wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to producef the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 



25 50. The method of clain^i 1, wherein the minimum pyrolysis temperature is about 270 

°C. 



30 



51. 



The method of cla; 



formation above about 2.C 
numbers above 25. 



1 , further comprising maintaining the pressure within the 
bar absolute to inhibit production of fluids having carbon 
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52. The method of claim 1 , further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure/is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. / 

53. The method of claim 1, further c/omprising controlling pressure within the 
formation in a range from about atmoa>heric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to contjrol an API gravity of condensable hydrocarbons 
within the produced mixture, whereiA the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and / 

producing a mixture from the formation. 

55. The method of claim/54, wherein the one or more heat sources comprise at least 
two heat sources, and wherean superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of clair i 54, wherein the one or more heat sources comprise electrical 
heaters. 

57. The method of claim 54, wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or iyore heat sources comprise flameless 
distributed combustors. 



10 



59. The method of claim 54, wherein the one or more heat sources comprise natural 

distributed combustors. ' 

/ 
/ 

/ 

60. The method of claim 54, further comprising controlling a pressure and a 
temperature within at least a majority of the/selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



15 



61 . The method of claim 54, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
pyrolysis. 



20 
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62. The method of claim 54, wnerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation nas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the Heating energy/day, h is an average heating rate of the 
formation, p% is formation pulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



63. The method of claitn 
sources comprises heating 
a portion of the selected sejction 



54, wherein providing heat from the one or more heat 
the selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

/ 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein £ molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from ?(bout 0.001 to about 0.15. 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54f, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of claim/54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



5 72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about ;5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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73. The method of claim 54, whereiij'the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

/ 
/ 
/ 

74. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 r/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cycyoalkanes. 



20 



75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 
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76. The method of claim/54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



78. The method of claifri 
a majority of the selected 
least about 2.0 bar absolutfe 



54, further comprising controlling a pressure within at least 
section of the formation, wherein the controlled pressure is at 



228 



Conle>\ Rose & Tayon, P C. 



15 



20 



• 



79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

I ! 
> I 

80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



8 1 . The method of claim 54, further/ comprising altering a pressure within the 
formation to inhibit production 
numbers greater than about 25. 



10 formation to inhibit production of hydijbcarbons from the formation having carbon 



82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

83. The method of claim 54, further comprising: 
providing hydrogen (H2) tp the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

84. The method of claim 54/ wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the/method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 85, The method of claim 54, wherein allowing the heat to transfer comprises 

increasing a permeability of £ majority of the selected section to greater than about 100 
millidarcy. 



86. The method of claini 
30 substantially uniformly incn 



54, wherein allowing the heat to transfer comprises 
asing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



88. The method of claim 54, wherein producing the mixture comprises producing the 

/ 

5 mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. j 

i 

I 

89. The method of claim 54, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patterri. 



90. The method of claim 54, fu^her comprising providing heat from three or more 
heat sources to at least a portion o# the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 

91 . A method of treating a/coal formation in situ, comprising: 
20 providing heat from o£e or more heat sources to at least a portion of the 

formation; 

allowing the heat to tfransfer from the one or more heat sources to a selected 
section of the formation; ant 

heating the selected/ section such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 



30 



92. The method of claim 91, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



10 



94. The method of claim 91 , wherein the one or more heat sources comprise electrical 

heaters. / 

/ 

/ 

/ 

95. The method of claim 91 , wherein the oije or more heat sources comprise surface 
burners. 

96. The method of claim 91, wherein th/ one or more heat sources comprise flameless 
distributed combustors. 



=p 97. The method of claim 91 , whereii/ the one or more heat sources comprise natural 

>i 1 5 distributed combustors. 

Ju 

g" 98. The method of claim 91, furthfer comprising controlling a pressure and a 

y temperature within at least a majority of the selected section of the formation, wherein 

s" ' J 

ry the pressure is controlled as a funct/on of temperature, or the temperature is controlled as 

K 20 a function of pressure. 



25 



99. The method of claim 91 , rurther comprising controlling the heat such that an 
average heating rate of the selec/ed section is less than about 1 °C per day during 
pyrolysis. 



100. The method of claim 91, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

/ 

101. The method of claim 9 1 , wherein allqwing the heat to transfer comprises 

transferring heat substantially by conductiop. 

/ 
/ 

102. The method of claim 91 , wherein ^he produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



j=* 103. The method of claim 91 , wherein the produced mixture comprises condensable 

J 1 5 hydrocarbons, and wherein about 0. V % by weight to about 1 5 % by weight of the 

fy condensable hydrocarbons are olefins. 

J; 1 04. The method of claim 9 1 , wherein the produced mixture comprises non- 

ILS J 

J~ condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

f™ / 

2 20 condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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105. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 
hydrocarbons, and wherein 
basis, of the condensable hydrocarbons 



less 



91, wherein the produced mixture comprises condensable 
than about 1 % by weight, when calculated on an atomic 
is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bj/ weight, when calculated on an atomic 
basis ? of the condensable hydrocarbons is sulfur. 



108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 



109. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tlian about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



110. The method of claim 91, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



111. The method of claim 9fl , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes 



25 
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112. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of clain 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non -condensable 
component, and wherein ths hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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114. The method of claim 91 . wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



00 
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115. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

/ 

1 16. The method of claim 91 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



1 1 7. The method of claim 91 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



Hh 15 118. The method of claim 1 1 7, yherein the partial pressure of H2 is measured when the 
ry mixture is at a production well. 



119. The method of claim 91, /further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
20 numbers greater than about 25./ 



120. The method of claim 9/1, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



)1, further comprising: 

2) to the heated section to hydrogenate hydrocarbons 



25 121. The method of claim 
providing hydrogen (1 
within the section; and 

heating a portion of thfe section with heat from hydrogenation 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



5 123. The method of claim 91 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected' section to greater than about 100 
millidarcy. 

1 24. The method of claim 9 1 , wherein allowing/the heat to transfer comprises 
10 substantially uniformly increasing a permeability/of a majority of the selected section. 

1 25. The method of claim 91 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 126. The method of claim 9 1 , wherein producing the mixture comprises producing the 
mixture in a production well, and wherein ^t least about 7 heat sources are disposed in the 
formation for each production well. 

127. The method of claim 91, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patterm 

128. The method of claim 91 , further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 129. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; , 

allowing the heat to transfer from the one ormore heat sources to a selected 
section of the formation; / " 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 

about 370 °C such that production of a substantial amount of hydrocarbons having carbon 

/ 

numbers greater than 25 is inhibited; j 

controlling a pressure within at leaser a majority of the selected section of the 
formation, wherein the controlled pressure/is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 1 5 % by weight of the produced mixture are olefins ; and 
wherein an average carbon number of the produced mixture ranges from 1-25. 

130. The method of claim 129, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, Avherein controlling formation conditions comprises 
maintaining a temperature withiiy the selected section within a pyrolysis temperature 
range. / 

132. The method of claim 129, wherein the one or more heat sources comprise 
electrical heaters. / 

133. The method of claim /129, wherein the one or more heat sources comprise surface 
burners. I 

134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combuptors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. \ 



136. The method of claim 129, further comprising controlling a pressure and a 

I 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

137. The method of claim 129, further comprising controlling the heat such that an 
10 average heating rate of the selected section/is less than about 1 °C per day during 

pyrolysis. 



ni 



138. The method of claim 129, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 
15 heating a selected volume (Wof the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbdns within the selected volume of the formation; and 
wherein heating energy/d^y provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the/equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the hearing energy/day, h is an average heating rate of the 

formation, p B is formation bulp density, and wherein the heating rate is less than about 10 

°C/day. 



25 139. The method of claimf 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



140. The method of claifa 
sources comprises heating 
a portion of the selected section 



129, wherein providing heat from the one or more heat 
the selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

/' 

/ 

5 142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about' 0.001 to about 0.15. 

/ 

/ 

143. The method of claim 129, wherein /he produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein less than abojit 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons /s nitrogen. 



15 



1 44. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thary about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



25 



145. The method of claim 129/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrqcarbons is sulfur. 

146. The method of claim If 29, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboutf 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds conjprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiti greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

/ 

/ 

150. The method of claim 129, wherein the produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein about 5 % by yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



151. The method of claim 129, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
15 wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim A 29, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



155. The method of c 
30 mixture is at a production 



aim 154, wherein the partial pressure of H2 is measured when the 
well. 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 157. The method of claim 1 29, further comprising: 

providing hydrogen (Fh) to the heated section to hydrogenate hydrocarbons 
within the section; and 

/ 

heating a portion of the section wi^h heat from hydrogenation. 

/ 

10 158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1 59. The method of claim 129, Wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



20 



160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



162. The method of clai 
25 the mixture in a productior 



30 



129, wherein producing the mixture comprises producing 
well, and wherein at least about 7 heat sources are disposed in 



the formation for each production well. 

163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a p >rtion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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164. The method of claim 129, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. / 



15 167. The method of claim 1 29, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. 



168. The method of claim 129, ^herein the produced mixture comprises CO2, the 
20 method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 



25 
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169. The method of claim 129 
well, wherein the heating is controlled 
formation as a vapor. 



1 70. The method of claim 1 2S 



wherein the mixture is produced from a production 
such that the mixture can be produced from the 



wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture witldn the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H 2 . 



10 



1 72. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. I 

i 
i 

1 73. The method of claim 129, furthef comprising maintaining the pressure within the 

/ 

formation above about 2.0 bar absolute /to inhibit production of fluids having carbon 



numbers above 25. 



/ 



1 74. The method of claim 129, further comprising controlling pressure within the 
15 formation in a range from about atmospheric pressure to about 100 bar absolute, as 

measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein tfye pressure is increased to increase production of non- 
condensable fluids. 

20 

175. The method of claim 129/ further comprising controlling pressure within the 
formation in a range from about /atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 

25 gravity, and wherein the pressi re is increased to reduce the API gravity. 

1 76. A method of treating a coal formation in situ, comprising: 
providing heat from or e or more heat sources to at least a portion of the 

formation; 

30 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
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15 



controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 
producing a mixture from the formatioi 



tiop. 



1 77. The method of claim 1 76, wherein,iontrolling the pressure comprises controlling 
the pressure with a valve coupled to at legist one of the one or more heat sources. 

178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a/production well located in the formation. 

179. The method of claim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 



r 



pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

180. The method of claim 176^ wherein controlling formation conditions comprises 
maintaining a temperature withip the selected section within a pyrolysis temperature 
range. 



181. The method of claim 1/76, wherein the one or more heat sources comprise 
20 electrical heaters. 

1 82. The method of claim/ 1 76, wherein the one or more heat sources comprise surface 
burners. 



25 183. The method of claim 
flameless distributed comb 



176, wherein the one or more heat sources comprise 
jstors. 



1 84. The method of claiip 1 76, wherein the one or more heat sources comprise natural 
distributed combustors. 



30 
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1 85. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5 

1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating rate of the selected section is ^less than about 1 °C per day during 
pyrolysis. 

10 187. The method of claim 1 76, wherein providing heat from the one or more heat 

sources to at least the portion of formation/ comprises: 

/ 

heating a selected volume (V) of tjte coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
1 5 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enbrgy/day, h is an average heating rate of the 
formation, p B is formation bulk densjfty, and wherein the heating rate is less than about 10 
20 °C/day. 

188. The method of claim 1 76, ^herein allowing the heat to transfer comprises 
transferring heat substantially by Conduction. 



25 189. The method of claim 1 76 J wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



190. The method of claim 1 76 
30 hydrocarbons having an API gra 



wherein the produced mixture comprises condensable 
ity of at least about 25°. 
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191 . The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



5 192. The method of claim 1 76, whereiiyihe produced mixture comprises non- 
condensable hydrocarbons, and wherein , a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from/about 0.001 to about 0.15. 



10 



193. The method of claim 176, whefrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 



194. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 
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195. The method of claim 176 J wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygep containing compounds, and wherein the oxygen 
containing compounds compose phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein dreater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 

/ 

hydrocarbons comprises multi-ring aromatic^ with more than two rings. 

the produced mixture comprises condensable 
0.3 % by weight of the condensable 

200. The method of claim 176, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalleanes. 

201 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, wherein thp non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater th^n about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

202. The method of claim 176[, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

203. The method of claim \J6, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used io produce fertilizer. 

25 204. The method of claim Jl 76, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greateijthan about 0.5 bar. 

205. The method of clai: 
30 mixture is at a production 1 



1 99. The method of claim 1 76, wherein j 
hydrocarbons, and wherein less than aboi 
hydrocarbons are asphaltenes. 



204, wherein the partial pressure of H2 is measured when the 

511. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 207. The method of claim 1 76, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



208. The method of claim 1 76, further jbomprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
1 0 within the section; and 

heating a portion of the section yith heat from hydrogenation. 

« 209. The method of claim 1 76, wherein the produced mixture comprises hydrogen and 

-F condensable hydrocarbons, the methoq further comprising hydrogenating a portion of the 

jg 15 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



I Li 



20 



210. The method of claim 176, wherein allowing the heat to transfer comprises 
increasing a permeability of a majorjfty of the selected section to greater than about 100 
millidarcy. 

211. The method of claim 176, ^herein allowing the heat to transfer comprises 
substantially uniformly increasing/a permeability of a majority of the selected section. 



212. The method of claim 176 J further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



213. The method of claim 17<$, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the fora ation for each production well. 

214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and I 

controlling a pressure within 'at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from tjie one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture fro/n the formation. 



15 



215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature /within the selected section within a pyrolysis temperature 
range. 



20 217. The method of cl/iim 214, wherein the one or more heat sources comprise 
electrical heaters. 



25 



218. The method of claim 214, wherein the one or more heat sources comprise surface 
burners. 



219. The method o 
flameless distributed 



220. The method d 
30 distributed combustons 



claim 214, wherein the one or more heat sources comprise 
combustors. 



claim 214, wherein the one or more heat sources comprise natural 
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221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. j 

I 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selectee^ section is less than about 1 °C per day during 



pyrolysis. 



/ 
/ 



10 223. The method of claim 214/, wherein providing heat from the one or more heat 



sources to at least the portion of/ formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating enerery/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bj^the equation: 

Pwr = /z*F*C v % 

wherein Pwr is the Heating energy/day, h is an average heating rate of the 
formation, p B is formation tyulk density, and wherein the heating rate is less than about 10 
°C/day. 



U 20 



224. The method of cMm 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 225. The method of cljaim 
sources comprises heating 
a portion of the selected 



226. The method of cl 
30 hydrocarbons having an 



214, wherein providing heat from the one or more heat 
the selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 



aim 214, wherein the produced mixture comprises condensable 
PI gravity of at least about 25°. 
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227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 

/ 

5 228. The method of claim 214, wherein the produced mixture comprises non- 

condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



229. The method of claim 214, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and/ wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 



230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 
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23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is oxygen. 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensab 

233. The method of 
hydrocarbons, wherein 
hydrocarbons compris< 
containing compounds 



hydrocarbons is sulfur. 

aim 214, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the condensable 
oxygen containing compounds, and wherein the oxygen 
comprise phenols. 
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234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than/about 20 % by weight of the condensable 
hydrocarbons are aromatic compound^. 

235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



236. The method of claim 2 14, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes./ 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. 



iU 
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238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is gneater than about 10 % by volume of the non-condensable 
component, and wherein tjie hydrogen is less than about 80 % by volume of the non- 
condensable component. 



239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



240. The method of cliim 
wherein the ammonia is used 



214, wherein the produced mixture comprises ammonia, and 
to produce fertilizer. 



241 . The method of claim 214, wherein controlling the heat further comprises 
30 controlling the heat such tmat coke production is inhibited. 
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242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



5 243. The method of claim 242, wherein the partial pressure of H2 is measured when the 

mixture is at a production well. / 

/ 

/ 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
10 numbers greater than about 25. / 



245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

15 246. The method of claim 214, further comprising: 

providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



20 247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The method of ch im 214, wherein allowing the heat to transfer comprises 



25 increasing a permeability 
millidarcy. 
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of a majority of the selected section to greater than about 100 



249. The method of cliim 
substantially uniformly increasing 



214, wherein allowing the heat to transfer comprises 

a permeability of a majority of the selected section. 
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250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

251. The method of claim 214, wherein'producing the mixture comprises producing 

5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

1 5 sources are located in the fonmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

254. A method of treating a coal formation in situ, comprising: 

20 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation, wherein at least a portion of the mixture 
25 is produced during the pyrolysis and the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute. 

30 255. The method c f claim 254, wherein the one or more heat sources comprise at least 
two heat sources, anal wherein superposition of heat from at least the two heat sources 
pyrolyzes at least son}e hydrocarbons within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



10 



257. The method of claim 254, wherein the one or more heat sources comprise 



electrical heaters. 



/ 



/ 



258. The method of claim 254, wherein the one or more heat sources comprise surface 

/ 

burners. / 



259. The method of claim 254, wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 260. The method of claim 254,/wherein the one or more heat sources comprise natural 
distributed combustors. 

261 . The method of claim 2^4, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

20 the pressure is controlled as function of temperature, or the temperature is controlled as 
a function of pressure. 

262. The method of claiiA 254, further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 

25 pyrolysis. 



30 



263. The method of cl4im 
sources to at least the 

heating a selectee 
sources, wherein the formation 
pyrolyzes at least some 



254, wherein providing heat from the one or more heat 
poiftion of formation comprises: 

volume (V) of the coal formation from the one or more heat 

has an average heat capacity (C v ), and wherein the heating 
Hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, arid wherein the heating rate is less than about 10 

°C/day. I 



10 



264. The method of claim 254, wherein allowing the heat to transfer comprises 

— — */— 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectipn is greater than about 0.5 W/(m °C). 



15 266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an Arl gravity of at least about 25°. 



20 



267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



269. The metho 
condensable 
condensable 



of claim 254, wherein the produced mixture comprises non- 
hydrAcarbons, and wherein a molar ratio of ethene to ethane in the non- 
hydrocarbons ranges from about 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



272. The method of claim 254, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



03 273. The method of claim 254,' wherein the produced mixture comprises condensable 

77 hydrocarbons, wherein about 5 °k by weight to about 30 % by weight of the condensable 

=F 1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



E 



274. The method of claim 264, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
20 hydrocarbons are aromatic compounds. 



25 



275. The method of claim/254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Jess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



276. The method of claim 
hydrocarbons, and whereir 
hydrocarbons are asphaltenes 



254, wherein the produced mixture comprises condensable 
less than about 0.3 % by weight of the condensable 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

/ 

5 278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

/ 

wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

/ 

279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilizer. 

281 . The method of claim 254, jtvherein the pressure is measured at a wellhead of a 
production well. 

20 282. The method of claim 25^1, wherein the pressure is measured at a location within a 
wellbore of the production well 



25 



283. The method of claim ^54, wherein the pressure is maintained below about 100 bar 
absolute. 

284. The method of claim|254, further comprising controlling formation conditions to 
produce a mixture of condemsable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



30 285. The method of clain 
mixture is at a production w 



284, wherein the partial pressure of H2 is measured when the 
11. 
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286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



287. The method of claim 254, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

288. The method of claim 254, further comprising: 

10 providing hydrogen (H2) tc/the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
15 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



20 



290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability o^ a majority of the selected section to greater than about 100 
millidarcy. 



291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



25 292. The method of £laim 254, further comprising controlling the heat to yield greater 
than about 60 % by wefight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



293. The method of claim 
the mixture in a prodi 
the formation for eact 



254, wherein producing the mixture comprises producing 
ction well, and wherein at least about 7 heat sources are disposed in 
production well. 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
10 over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a coafl formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

1 5 allowing the heat to trai^fer from the one or more heat sources to a selected 

section of the formation; 

maintaining a pressure /within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 
J; producing a mixture from the formation, wherein the produced mixture comprises 

43 20 condensable hydrocarbons having an API gravity higher than an API gravity of 
(T condensable hydrocarbons in a mixture producible from the formation at the same 

temperature and at atmospWeric pressure. 

297. The method of claim 296, wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 



maintaining a temperature 
30 range. 



within the selected section within a pyrolysis temperature 
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299. The method of claim 296, wherein the one or more heat sources comprise 
electrical heaters. 



300. The method of claim 296, wherein the one or more heat sources comprise surface 
5 burners. 



301 . The method of claim 296, wherein the one or more heat sources comprise 
flameless distributed combustors. / 



10 302. The method of claim 296, wherein the one or more heat sources comprise natural 
distributed combustors. 



15 



303. The method of claim 296, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



£ 20 



304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 



305. The method of clapi 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 



pyrolyzes at least some 
wherein heating 
wherein Pwr is calculai 



ydrocarbons within the selected volume of the formation; and 
energy/day provided to the volume is equal to or less than Pwr, 
ed by the equation: 



Pwr = h*V*C v <p B 
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wherein Pwr is the heating energy/day, h/is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

; 

5 306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



10 



307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



Hi 



15 



308. The method of claim 296/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



3 1 0. The method of claifai 296, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable Hydrocarbons are olefins. 



25 



30 



311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



312. The method A 
hydrocarbons, and v 
basis, of the 



claim 296, wherein the produced mixture comprises condensable 
lerein less than about 1 % by weight, when calculated on an atomic 
condensable hydrocarbons is nitrogen. 



261 



Conley, Rose & Tayon, P C. 



313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 314. The method of claim 296, wherein ,the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons js sulfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by /weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

f 

316. The method of claim 296/ wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greafer than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



20 



317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaftenes. 

319. The method of /claim 296, wherein the produced mixture comprises condensable 



hydrocarbons, and wl 



condensable hydrocarbons are cycloalkanes. 



320. The method 
condensable 



erein about 5 % by weight to about 30 % by weight of the 



claim 296, wherein the produced mixture comprises a non- 
comporient, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



321 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



yg 
CO 



10 



322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to prody'ce fertilizer. 

323. The method of claim 296, ftirther comprising controlling formation conditions to 
produce a mixture of condensable /hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than/ about 0.5 bar. 



£ 15 324. The method of claim 2^6, wherein the partial pressure of H2 is measured when the 

J: mixture is at a production weL 

I y / 

jf 325. The method of claim 296, further comprising altering a pressure within the 

^ formation to inhibit production of hydrocarbons from the formation having carbon 

Q 20 numbers greater than about 25. 

326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 327. The method ofl claim 296, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a pon ion of the section with heat from hydrogenation. 
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328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



t o 

szs 



5 329. The method of claim 296, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. j 

330. The method of claim 296, ^herein allowing the heat to transfer comprises 

10 substantially uniformly increasin^/a permeability of a majority of the selected section. 

33 1 . The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of Condensable hydrocarbons, as measured by Fischer Assay. 

15 332. The method of claim£96, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

333. The method of claim 296, further comprising providing heat from three or more 
20 heat sources to at least ^portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

334. The method of claim 296, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located £n the formation in a unit of heat sources, wherein the unit of heat 
sources compnses a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 335. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / 

l 

5 maintaining a pressure within at least a' majority of the selected section of the 

formation to above 2.0 bar absolute; and / 

producing a fluid from the formation^ wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

/ 

10 336. The method of claim 335, wherein/the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claim 335, wherein controlling formation conditions comprises 
15 maintaining a temperature within the ^elected section within a pyrolysis temperature 

range. 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. 



O 20 



339. The method of claim 335, ^vherein the one or more heat sources comprise surface 
burners. 



340. The method of claim 333, wherein the one or more heat sources comprise 
25 flameless distributed combustors. 

341 . The method of claim 3p5, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, oj: the temperature is controlled as 
a function of pressure. 



343. The method of claim 335, further comprising controlling the heat such that an 
5 average heating rate of the selected section is lessythan about 1 °C per day during 



10 



15 



pyrolysis. 



/ 



344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equatic/n: 

Pwr = //*F*C v */?£t 

wherein Pwr is the heating enetgy/day, h is an average heating rate of the 
formation, p B is formation bulk densi^jy, and wherein the heating rate is less than about 10 
°C/day. 



p 20 345. The method of claim 3 3 5, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



346. The method of claim 333, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



347. The method of claim 
hydrocarbons having an API 



35, wherein the produced mixture comprises condensable 
gravity of at least about 25°. 
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348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about/0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



350. The method of claim 335, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a/molar ratio of ethene to ethane in the non 
condensable hydrocarbons ranges from afcout 0.001 to about 0.15. 



351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ai>out 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



20 



25 



335 



354. The method of claim 
hydrocarbons, wherein about 
hydrocarbons comprise oxygen 
containing compounds comprise 



wherein the produced mixture comprises condensable 
% by weight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 
phenols. 



\ 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %,by weight of the condensable 
hydrocarbons comprises multi-ring aromatics ; with rijore than two rings. 

/ » 

357. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/0. 3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



15 



358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



20 



359. The method of claim 335, v^herein the produced mixture comprises a non- 
condensable component, wherein tfie non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tnan about 1 0 % by volume of the non-condensable 
component, and wherein the hyd/ogen is less than about 80 % by volume of the non- 
condensable component. 



25 



30 



360. The method of claim 
wherein greater than about 0. 



5, wherein the produced mixture comprises ammonia, and 
( 5 % by weight of the produced mixture is ammonia. 



361. The method of claim 
wherein the ammonia is used 

362. The method of claim 



535 



, wherein the produced mixture comprises ammonia, and 
to produce fertilizer. 



335, further comprising controlling formation conditions to 
produce a mixture of conden; able hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater man about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



5 364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. j 

1 

1 

365. The method of claim 335, wherein controlling formation conditions comprises 
10 recirculating a portion of hydrogen from the mixture into the formation. 



366. The method of claim 335, further/comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the sectionf with heat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the mepod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



± 20 



368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing a permeability of a ipajority of the selected section to greater than about 100 
millidarcy. 

25 369. The method of claim 635, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight pf condensable hydrocarbons, as measured by Fischer Assay. 

30 
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371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least'about 7 heat sources are disposed in 
the formation for each production well 

/' 

5 372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

10 373. The method of claim 335, further /comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem,/and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 / 

374. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; / 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
25 components producible from me formation under the same temperature conditions and at 
atmospheric pressure. I 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

30 pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

/' 

5 377. The method of claim 374, wherein the one oj more heat sources comprise 
electrical heaters. / 

i 

I 

378. The method of claim 374, wherein the oi/e or more heat sources comprise surface 
burners. j 

10 / 

379. The method of claim 374, wherein th^ one or more heat sources comprise 
^ flameless distributed combustors. j 

J 380. The method of claim 374, whereiiythe one or more heat sources comprise natural 

H" 15 distributed combustors. 



1 - 381. The method of claim 374, further comprising controlling the pressure and a 

□ temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a functiop of temperature, or the temperature is controlled as 
20 a function of pressure. 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 / 

383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volun e (V) of the coal formation from the one or more heat 
sources, wherein the formation las an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
p wr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

i 
i 

I 

384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about OA % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefims. 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



25 



389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, ann wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



5 391 . The method of claim 374, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 

/ 

392. The method of claim 374, wherein tl^'e produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 



25 



,fi 393. The method of claim 374, wherein the produced mixture comprises condensable 

*™ hydrocarbons, wherein about 5 % by \^eight to about 30 % by weight of the condensable 

Mi 1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

% containing compounds comprise phenols. 

q 394. The method of claim 374, Avherein the produced mixture comprises condensable 

hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

jr 20 hydrocarbons are aromatic compounds. 

395. The method of claim 3/74, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



5 398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 fo by volume of the non-condensable 
component, and wherein the hydrogen is less/han about 80 % by volume of the non- 
condensable component. 

10 

399. The method of claim 374, wherein ^he produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilizer. 



20 



401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

402. The method of claim 374/ wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



403. The method of claim 374, further comprising altering the pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 



30 within the section; and 

heating a portion c 



the section with heat from hydrogenation. 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



15 



10 407. The method of claim 374, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 



408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ]mit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in z unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, zmd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



20 



25 



30 



412. A method of treating a coal formation in situ, comprising: 
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fll 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
5 pyrolyzes at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; and / 

producing a mixture from the foimation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
10 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 4127wherein controlling formation conditions comprises 
maintaining a temperature withip the selected section within a pyrolysis temperature 

15 range. 

415. The method of claim ^1 2, wherein the one or more heat sources comprise 
electrical heaters. 

20 416. The method of clai^i 412, wherein the one or more heat sources comprise surface 
burners. 



4 1 7. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 

25 / 

418. The method off claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 

419. The method of claim 412, further comprising controlling a pressure and a 

30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 



a function of pressure. 



420. The method of claim 412, further y'omprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. 



/ 



421. The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation hafe an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tl/e equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heking energy/day, h is an average heating rate of the 
formation, p B is formation bylk density, and wherein the heating rate is less than about 10 
°C/day. 

422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



424. The method of 
hydrocarbons having 



claim 412, wherein the produced mixture comprises condensable 
4n API gravity of at least about 25°. 



277 



Conley, Rose & Tayon, P C. 



425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. ; 

426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbonyare olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and ^herein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim #12, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and whefiein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensaMe hydrocarbons is oxygen. 

430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condedsable hydrocarbons is sulfur. 



43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons con lprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by i weight of the condensable 
hydrocarbons are aromatic compounds. 

433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics' with more than two rings. 

i 

i 

r 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboui 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

436. The method of claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hynrogen is less than about 80 % by volume of the non- 
condensable component. / 

437. The method of claim m 2, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

438. The method of clai^ 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

439. The method of cla m 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2. 
within the mixture is greater than about 0.5 bar. 



441 . The method of claim 412, wherein the partial pressure of H2 is measured when the 



mixture is at a production well. 



/ 



442. The method of claim 412, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 



20 



/ 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The method of claim 412, further comprising: 
providing hydrogen (H 2 ) tc/the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

445. The method of claim wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrodarbons with at least a portion of the produced hydrogen. 



25 446. The method of claim 
increasing a permeability ofla 
millidarcy. 



412, wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 100 



447. The method of clairr 
30 substantially uniformly i 



412, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 



280 



Conley, Rose & Tavon, P C. 



448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/' 

/ 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formatio^i, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

451 . The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uAit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a coal formation in situ, comprising: 
providing heat from one or mqfre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons within the selected section of the 
formation; and 

producing a mixture from /the formation, wherein the mixture comprises a 
condensable component having ap API gravity of at least about 25 c 



453 . The method of claim 45 
two heat sources, and wherein s; 
pyrolyzes at least some hydrocarbons 



wherein the one or more heat sources comprise at least 
iperposition of heat from at least the two heat sources 
within the selected section of the formation. 
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454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



10 



455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. 

/ 
/ 
/ 

456. The method of claim 452, wherein th^ one or more heat sources comprise surface 
burners. 



457. The method of claim 452, wherein/the one or more heat sources comprise 
flameless distributed combustors. j 

i 

458. The method of claim 452, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 



459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

460. The method of claim 4^2, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 

461 . The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 



yy 



10 



15 



462. The method of claim 452, wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 



/ 



463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater th&n about 0.5 W/(m °C). 

464. The method of claim 452, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % py weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



fit 



465. The method of claim 452, whefrein the produced mixture comprises non- 
20 condensable hydrocarbons, and whenein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



25 



466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



30 



467. The method of claim 432, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 469. The method of claim 452, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 °/o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

/ 
/ 

470. The method of claim 452, wherein jhe produced mixture comprises condensable 

10 hydrocarbons, wherein about 5 % by weigjht to about 30 % by weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenol 



/ 



471 . The method of claim 452, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



20 



472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



473. The method of claim 462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiri about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 475. The method of ch 
condensable component, 



m 452, wherein the produced mixture comprises a non- 
►vherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less th£n about 80 % by volume of the non- 
condensable component. 



5 476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 
/ 

477. The method of claim 452, whereii/the produced mixture comprises ammonia, and 

/ 

wherein the ammonia is used to produced/fertilizer. 

/ 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of tl/e formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



10 



15 479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable/hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater thary about 0.5 bar. 

480. The method of claim 4^2, wherein the partial pressure of H 2 is measured when the 
20 mixture is at a production well 

48 1 . The method of claim/452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboui 25. 



25 



482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion ofl hydrogen from the mixture into the formation. 



483. The method of claim 452, further comprising: 



30 providing hydro 

within the section; and 



jen (H 2 ) to the heated section to hydrogenate hydrocarbons 



285 



Conle>\ Rose & Tayon, P C. 



10 



20 



25 



heating a portion of the section with heat from hydrogenation. 

/ 

/ 
/ 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ I 
/ 

485. The method of claim 452, wherein allowing the heat to transfer comprises 



millidarcy. 



increasing a permeability of a majority of the selected section to greater than about 100 



486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim 452, further comprising controlling the heat to yield greater 
15 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452, Avherein producing the mixture comprises producing 
the mixture in a production well/and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



489. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in thie formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triafngular pattern, and wherein a plurality of the units are repeated 
30 over an area of the formation to form a repetitive pattern of units. 
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491 . A method of treating a layer of a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer, 

wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 

producing a mixture from the formation. 

/ 

/ 

492. The method of claim 491 , wherein the one or more heat sources are laterally 
spaced from a center of the layer. / 



493 . The method of claim 491 , wherein the one or more heat sources are positioned in 



a staggered line. 



/ 
/ 



494. The method of claim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or m/re heat sources. 



Q 



495. The method of claim 491 , Avherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 



25 



496. The method of claim 4^1 , wherein the one or more heat sources comprise 
electrical heaters. 

497. The method of claim tt91 , wherein the one or more heat sources comprise surface 
burners. 



498. The method of claim 
30 flameless distributed combustors 



491, wherein the one or more heat sources comprise 
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499. The method of claim 491 , wherein the one or more heat sources comprise natural 
distributed combustors. 

I 

500. The method of claim 491 , further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected siection of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. / 

/ 

501 . The method of claim 491 , further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 .0 0 C per day during 

pyrolysis. 



Co 502. The method of claim 491 , wherein providing heat from the one or more heat 

?7 sources to at least the portion of the layer comprises: 

=C 1 5 heating a selected volume ( V) oj the coal formation from the one or more heat 

m sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

;L pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

u I 

^ wherein heating energy/day provided to the volume is equal to or less than Pwr, 

ji wherein Pwr is calculated by the equation: 

O 20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

25 503. The method of claim 491 , wherein providing heat from the one or more heat 

sources comprises heating the/selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 491 , wherein the produced mixture comprises condensable 
30 hydrocarbons having an AHI gravity of at least about 25°. 
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505 . The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



m 



5 506. The method of claim 49 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about p.001 to about 0.15. 

/ 

507. The method of claim 491 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is' nitrogen. 

/ 

508. The method of claim 491, whe^fein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ^bout 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is oxygen. 



509. The method of claim 491 .wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



H 20 



25 



5 1 0. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 

511. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 5 % by weight. of the condensable 
hydrocarbons comprises multi-ring aromatics with mora than two rings. 



5 513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % \fi weight of the condensable 
hydrocarbons are asphaltenes. 

514. The method of claim 49 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes/ 

515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogeji is less than about 80 % by volume of the non- 
condensable component. 

516. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

517. The method of claim 491, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is usedAo produce fertilizer. 

25 518. The method of claim 491 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



5 1 9. The method of c 
30 produce a mixture of 
within the mixture is 



'aim 491, further comprising controlling formation conditions to 
condensable hydrocarbons and H2, wherein a partial pressure of H2 
grfeater than about 0.5 bar. 
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520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 



521 . The method of claim 491 , further comprising ajtering a pressure within the 
formation to inhibit production of hydrocarbons fron/ the formation having carbon 
numbers greater than about 25. 



522. The method of claim 491 , further comprising controlling formation conditions 
10 wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 



523. The method of claim 491 , further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

15 within the section; and 

heating a portion of the section Avith heat from hydrogenation. 

524. The method of claim 491 , wnerein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the metfiod further comprising hydrogenating a portion of the 

20 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 



525. The method of claim 49 y, wherein allowing the heat to transfer comprises 
increasing a permeability of a ipajority of the selected section to greater than about 100 
millidarcy. 

526. The method of claim/491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



527. The method of clai 
30 than about 60 % by weight 



491 , further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by Fischer Assay. 
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528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7^eat sources are disposed in 

the formation for each production well. / 

/ 

/ 

/ 

529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



15 



20 



25 



530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ancy wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

531. A method of treating a coal formation in situ, comprising: 
providing heat from one or mpre heat sources to at least a portion of the 

formation; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure ani a temperature within at least a majority of the selected 
section of the formation, where/n the pressure is controlled as a function of temperature, 
or the temperature is controller as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 531, wherein the one or more heat sources comprise at least 
two heat sources, and wherfcin superposition of heat from at least the two heat sources 
pyrolyzes at least some hyc rocarbons within the selected section of the formation. 
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533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

/ 

/ 

5 534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. 



10 



535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 



burners. 



536. The method of claim 53 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. 

537. The method of claim 53 1 , wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 



20 



538. The method of claim 53 1 , fiirther comprising controlling the heat such that an 
average heating rate of the selectee)' section is less than about 1 °C per day during 
pyrolysis. 



539. The method of claim 53 y, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
25 heating pyrolyzes at least soijne hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
Pwr = h*V*C v *p B 
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wherein Pmt is the heating energy/day, ft is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

5 540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

/ 

541 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected sectior^/such that a thermal conductivity of at least 

10 a portion of the selected section is greater thap about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at^east about 25°. 

1 5 543 . The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 fo by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefii 

544. The method of claim 531, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

545. The method of claim 5b 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

546. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherep less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is nitrogen. 
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547. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about J % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 



7 



549. The method of claim 53 1 , whereii the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater/than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



20 



551. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 



25 



552. The method of claim/53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553. The method of cla&n 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whereiii about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 554. The method of cliim 
condensable component, 



531, wherein the produced mixture comprises a non- 
wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



5 555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



556. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 

wherein the ammonia is used to produce fertilizer./ 

/ 



10 



fii 



557. The method of claim 531, wherein the controlled pressure is at least about 2.0 bar 
absolute. j 

i 

558. The method of claim 531, further comprising controlling formation conditions to 
1 5 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 ^>ar. 



559. The method of claim 53 1 , whereiijf the partial pressure of H2 is measured when the 
mixture is at a production well. 



T1 20 



560. The method of claim 531, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 561. The method of claim 531, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

562. The method of claim 53 1 , further comprising: 

providing hydrogen (H 2 ) t^ the heated section to hydrogenate hydrocarbons 
30 within the section; and 

heating a portion of the section with heat from hydrogenation. 
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563. The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



10 565. The method of claim 53 1 , wherein flowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 



15 



566. The method of claim 53 1 , further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



20 568. The method of claim 531, farther comprising providing heat from three or more 
heat sources to at least a portion off the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 
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569. The method of claim 53 A, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangul^ pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

570. A method of treatine a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or m^re heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
5 above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and/average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
10 (p) set forth in the following equation for an assessed average temperature (7) in the 



=£=s 

il 15 



30 



selected section: 



/ 



p = e j-44000-7^67] 

I 

where p is measured in psia and T is measured in * Kelvin. 



571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30/degrees API, and wherein the equation is: 

= f-3100WT + 5JJ 

20 572. The method of claim 570 Jwherein the API gravity of the produced mixture is 
controlled to be greater than aboj!xt 35 degrees API, and wherein the equation is: 

p = e [-22000fT+38]^ 

.573. The method of claim 570, wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 



575. The method of/claim 570, wherein the one or more heat sources comprise 
electrical heaters. 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 

5 577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 



578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combustors. / 

/ 

/ 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the/formation, wherein the pressure is 
controlled as a function of temperature, or ytit temperature is controlled as a function of 
pressure. 



15 



580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2Z 20 581. The method of claim 570, Avherein providing heat from the one or more heat 
u I 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr 9 

wherein Pwr is calculated yy the equation: 

Pwr = h*V*C v *p B i 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 

5 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than'about 0.5 W/(m °C). 

584. The method of claim 570, wherein th/produced mixture comprises condensable 

/ 

hydrocarbons, and wherein about 0.1 % by /weight to about 15 % by weight of the 
1 0 condensable hydrocarbons are olefins, j 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherem about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons/are olefins. 



15 



586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



20 587. The method of claim 5y0, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing comJ>ounds, and wherein the oxygen 
containing compounds comprise phenols. / 

/ 

591 . The method of claim 570, whereinyfhe produced mixture comprises condensable 
hydrocarbons, and wherein greater than ^fbout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

593. The method of claim 570, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less tpan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



20 



594. The method of claim 5/0, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 
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595. The method of claim/570, wherein the produced mixture comprises a non- 
condensable component, wlierein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein tl^e hydrogen is less than about 80 % by volume of the non- 
condensable component. 



596. The method of claim 
wherein greater than aboi t 



570, wherein the produced mixture comprises ammonia, and 
0.05 % by weight of the produced mixture is ammonia. 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarboijs and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 



10 



599. The method of claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

j 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrpcarbons from the formation having carbon 
numbers greater than about 25. j 



*~ 15 601 . The method of claim 570, wherein controlling formation conditions comprises 
4= recirculating a portion of hydrogen from the mixture into the formation. 



602. The method of claim 570, further comprising: 

/ 

providing hydrogen (H2) to|the heated section to hydrogenate hydrocarbons 
20 within the section; and / 

heating a portion of the section with heat from hydrogenation. 

603. The method of claim 57o| wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



604. The method of claim 
increasing a permeability of a 
millidarcy. 



57) 



, wherein allowing the heat to transfer comprises 
nhajority of the selected section to greater than about 1 00 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

.// 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as^easured by Fischer Assay. 



10 
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607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 



608. The method of claim 570, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, md wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 



610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 

in a substantial part of the heated pdttion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure (p) within at least a substantial part of the heated portion of 

the formation; 

wherein Pbar > e r( ' A/Tj * £ - 2 - 67 " J ; 

wherein/? is the pressure in bar absolute and T is the temperature in degrees K. 
30 and A and B are parameters that a*e larger than 1 0 and are selected in relation to the 
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characteristics and composition of the coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the Jieated portion of the formation. 

/ 

611. The method of claim 610, wherein A is greater/than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 



/ 



612. The method of claim 610, wherein Tis ltfss than about 390 °C, p is greater than 
10 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % byweight of olefins. 



613. The method of claim 610, wherem T is less than about 390 °C, p is greater than 
1 5 about 2 bar, A is less than about 57000,/and b is less than about 83, and a majority of the 

produced pyrolyzed hydrocarbon fluic^ have an average carbon number lower than about 
21. 

614. The method of claim 610, #irther comprising controlling the heat such that an 
20 average heating rate of the heatecjf portion is less than about 3°C per day during 

pyrolysis. 



615. The method of claim 610, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 
25 heating a selected voflume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating entergy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
30 Pwr = h*V*C v *p, 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



5 616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat\ sources to the heated portion 
of the formation. 

/ 

617. The method of claim 616, wherein the h^at sources comprise heaters in which 
10 hydrocarbons are either injected into a heaters^or released by the coal formation adjacent 
to a heater by an oxidant injected into the header in or adjacent to which the combustion 
occurs and wherein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occiirs. 

/ 



15 



H 20 



618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of Ahe heated portion is substantially uniformly 
modified to a value greater than abomO.6 W/m °C and the permeability of said part 
increases substantially uniformly to £ value greater than 1 Darcy. 

619. The method of claim 610, Anther comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2) wherein a partial pressure of H 2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 



25 620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heal from hydrogenation . 



62 1 . The method of claim 6 
30 about 70% of the hydrocarbon 
measured by a Fischer assay, i$ 



0, wherein the coal formation is a coal seam and at least 
content of the coal, when such hydrocarbon content is 
produced from the heated portion of the formation. 
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622. The method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condensation of the hydrocarbon 
5 fluids within the wellbore. 



623. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat ^ources to at least a portion of the 

formation; / 
10 allowing the heat to transfer from Htjt one or more heat sources to a selected 

section of the formation to raise an averag£ temperature within the selected section to, or 

above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the fc^mation; and 

controlling a weight percentage of olefins of the produced mixture to be less than 
15 about 20 % by weight by controlling /average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure {p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: 



: y 

=F 20 



p = e f-S700aT+83] 

where p is measured in psia and T is measured in 0 Kelvin. 



624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 1 0 % by weight, and wherein the 

25 equation is: 

p = e f-16000/T+ 28] 

625. The method of cla|im 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 5 % by weight, and wherein the 

30 equation is: 

p = e (-12000T-22] 
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626. The method of claim 623, wherein the one or rtiore heat sources comprise at least 
two heat sources, and wherein superposition of heat' from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

5 627. The method of claim 623, wherein the one or more heat sources comprise 
electrical heaters. j 

i 

628. The method of claim 623, wherein^e one or more heat sources comprise surface 



10 



burners. 



629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 

630. The method of claim 623, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

63 1 . The method of claim 623/ further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of tenyperature, or the temperature is controlled as a function of 

20 pressure. 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature/within the selected section within a pyrolysis temperature 
range. 

25 

633. The method of claim 623, further comprising controlling the heat such that an 



average heating rate of 
pyrolysis. 



he selected section is less than about 3.0 °C per day during 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



10 



m 
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635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the' coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v )» and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pmt is calculated by the equat/on: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enfergy/day, h is an average heating rate of the 
formation. p B is formation bulk dens/ty, and wherein the heating rate is less than about 1 0 
°C/dav. 



636. The method of claim 623, /wherein allowing the heat to transfer comprises 
transferring heat substantially bv conduction. 

20 637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the/selected formation such that a thermal conductivity of at 
least a portion of the selected/section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

/ 

condensable hydrocarbons ranges from aboutyO.001 to about 0.15. 



;in Jm 



642. The method of claim 623, wherein the produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein less than abot^ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 



643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



25 



644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim ©23, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxyfeen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of clawn 623, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

649. The method of claim 623, wherein the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein about 5 % by wei'ght to about 30 % by weight of the 

r 

condensable hydrocarbons are cycloalkanes. 

/ 
/ 
/ 

650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the n6n-condensable component comprises hvdrogen. 

/ 

15 wherein the hydrogen is greater than ai>out 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. j 

65 1 . The method of claim 623/, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.0} % by weight of the produced mixture is ammonia. 

652. The method of claim^23, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



25 653. The method of cl^im 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of U 2 
within the mixture is greater than about 0.5 bar. 



654. The method ofl claim 623, wherein the partial pressure of H 2 is measured when the 
30 mixture is at a production well. 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25 . 

/ 

5 656. The method of claim 623, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

657. The method of claim 623, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section with heat from hydrogenation. 



658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

15 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



r\ 20 



660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of clainy623, further comprising controlling the heat to yield greater 



25 than about 60 % by weight 



the mixture in a productior 



>f condensable hydrocarbons, as measured by Fischer Assay. 



662. The method of claim 623, wherein producing the mixture comprises producing 



well, and wherein at least about 7 heat sources are disposed in 



the formation for each production well 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherei^l three or more of the heat 
sources are located in the formation in a unit of heat sojurces, and wherein the unit of heat 
sources comprises a triangular pattern. / 



10 



664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



20 
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665. A method of treating a coal formation in situ, comprising: 

providing heat from one or more/neat sources to at least a portion of the 
formation; 

allowing the heat to transfer frrfm the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from tMe formation; and 

controlling hydrocarbons Having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (7) in the selectecy section: 

p = e H4000 / T+25] 

where p is measured in psia £nd T is measured in * Kelvin. 



666. The method of claiir 
greater than 25 of the produ :i 
weight, and wherein the equation 



665, wherein the hydrocarbons having carbon numbers 
ed mixture is controlled to be less than about 20 % by 

is: 



= [-160007^28] 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is: 



= e f.!8000T-32) 



668. The method of claim 665, wherein the one pr more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

10 669. The method of claim 665, wherein th? one or more heat sources comprise 
electrical heaters. 

670. The method of claim 665, whereii/the one or more heat sources comprise surface 
burners. 

15 

671 . The method of claim 665, whe/ein the one or more heat sources comprise 
flameless distributed combustors. 

672. The method of claim 665, \yherein the one or more heat sources comprise natural 
20 distributed combustors. 

673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

25 pressure. 



30 



674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature Jwithin the selected section within a pyrolysis temperature 
range. 
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675. The method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1c 15 



5 676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coatl formation from the one or more heat 

/ 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withy the selected volume of the formation; and 

wherein heating energv/day provided to the volume is equal to or less than Pwr. 

i 

wherein Pwr is calculated by the equatioi/: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enec^y/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



10 



677. The method of claim 665, wherein allowing the heat to transfer comprises 
transferring heat substantially by ^conduction. 

20 678. The method of claim 665, wherein providing heat from the one or more heat 

sources comprises heating the Selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



679. The method of claim 665, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



* clai m 



680. The method of 
hydrocarbons, and whereifi 
condensable hydrocarbons 



665, wherein the produced mixture comprises condensable 
about 0.1 % by weight to about 15 % by weight of the 
are olefins. 
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681 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



682. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %,by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 



15 



683. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouj 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^ oxygen. 

/ 

684. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



20 



685. The method of claim 665 /wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



686. The method of clainY 665, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons comprises 



multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by/weight of the condensable 
hydrocarbons are asphaltenes. 



689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



690. The method of claim 665, wherein' the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



691 . The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 °/p by weight of the produced mixture is ammonia. 

692. The method of claim 666, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim/665, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



694. The method of cMm 665, wherein the partial pressure of H 2 is measured when the 
mixture is at a productiorj well. 



695. The method of clkim 
formation to inhibit prod 
numbers greater than about 



im 665, further comprising altering a pressure within the 
uction of hydrocarbons from the formation having carbon 

25. 
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696. The method of claim 665, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

5 

697. The method of claim 665, wherein the ; produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furtljfer comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 698. The method of claim 665, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. 

699. The method of claim 665, ^herein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 666, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 701. The method of claim 665, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

702. The method of claim 665, further comprising providing heat from three or more 
25 heat sources to at least k portion of the formation, wherein three or more of the heat 

sources are located injthe formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a tftangular pattern. 



703. The method o 
30 heat sources to at le; 



claim 665, further comprising providing heat from three or more 
t a portion of the formation, wherein three or more of the heat 



sources are located irJthe formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



704. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the 6ne or more heat sources to a selected 
section of the formation to raise an average^femperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
10 producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1 1 by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 

"Y / 

M= pressure (p) set forth in the following equation for an assessed average temperature (7) in 

jp 

% 15 the selected section: 

ft] I = e f-38000>T+61] 

where p is measured in psia and t is measured in 0 Kelvin 



iy 



20 705. The method of claim 70#, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

p = e f-J3000,T^24] 

.706. The method of claimf 704, wherein the atomic hydrogen to carbon ratio of the 
25 produced mixture is controlled to be greater than about 1 .9, and wherein the equation is: 

p = e f-8000T+ 18] 



30 



707. The method of cl^m 704, wherein the one or more heat sources comprise at least 
two heat sources, and whtrein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

709. The method of claim 704, wherein the oryt or more heat sources comprise surface 
5 burners. 

710. The method of claim 704, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 

10 711. The method of claim 704, wherein jthe one or more heat sources comprise natural 
distributed combustors. 



£ 15 



712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section hf the formation, wherein the pressure is 
controlled as a function of temperaturje, or the temperature is controlled as a function of 
pressure. 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within yie selected section within a pyrolysis temperature 
20 range. 



25 



714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the seledted section is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, wherein providing heat from the one or more heat 



sources to at least the portion 



sources, wherein the formation 



Df formation comprises: 



heating a selected volt me (V) of the coal formation from the one or more heat 



has an average heat capacity (C v ) ? and wherein the heating 



30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 
Pmt = **F*CvV* 

wherein Pmt is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 

/ 

/ 

/ 

716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction/ 

717. The method of claim 704, whereiri providing heat from the one or more heat 
sources comprises heating the selected siection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable/hydrocarbons are olefins. 

721 . The method or claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \yeight. when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

723. The method of claim 704, wherein this produced mixture comprises condensable 
hydrocarbons, and wherein less than about/1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons i/ oxygen. 



724. The method of claim 704, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less ihsj about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 51% by weight to about 30 % by weight of the condensable 

1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and whbrein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



728. The method /of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 
/ 

5 730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about V0 % by volume of the non-condensable 
component, and wherein the hydrogen is l^ss than about 80 % by volume of the non- 
condensable component. 



10 



73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



T. 15 



732. The method of claim 704, wnerein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



20 



733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tnan about 0.5 bar. 

734. The method of clainy704, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



735. The method of claim 704, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion Jbf hydrogen from the mixture into the formation. 



737. The method of 



claim 704, further comprising: 



322 



Conley. Rose & Tayon. P C 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



i 15 



5 738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704,/wherein allowing the heat to transfer comprises 

10 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

740. The method of claim #04, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

741 . The method of clafrn 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



742. The method of claim 704, wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacn production well. 



743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



25 sources are located 
sources comprises 



in the formation in a unit of heat sources, and wherein the unit of heat 
1 triangular pattern. 



744. The method 
heat sources to at 
sources are locatec 



of claim 704, further comprising providing heat from three or more 
Ijeast a portion of the formation, wherein three or more of the heat 
in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



745. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 

formation; 

allowing the heat to transfer froiji the one or more heat sources to a selected 
section of the formation; / 

controlling a pressure-temperature relationship within at least the selected section 

of the formation by selected energy input into the one or more heat sources and by 

/ 

pressure release from the selected ^ection through wellbores of the one or more heat 
sources; and 

producing a mixture froryi the formation. 

746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of cl^Im 745, wherein the one or more heat sources comprise at least 
two heat sources. 

748. The method of claim 745, wherein the one or more heat sources comprise surface 
burners. 

749. The method /of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. 

750. The methdd of claim 745, wherein the one or more heat sources comprise natural 
distributed combustors. 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 



752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherfein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (vf) of the coal formation from the one or more heat 
sources, wherein the formation has/an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated by thp equation: 

wherein Pwr is the healing energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

754. The method of claifo 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



756. The method 
hydrocarbons having z 



of claim 745, wherein the produced mixture comprises condensable 
4n API gravity of at least about 25°. 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

/ 

of the non-condensable hydrocarbons are olefins. 



759. The method of claim 745, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherey a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 



760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ihah about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocaipons is nitrogen. 



20 



76 1 . The method of claim 745( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesy than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim/745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein a(>out 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise pxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. ^ 

5 765. The method of claim 745, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5j% by weight of the condensable 
hydrocarbons comprises multi-ring aromati/s with more than two rings. 



766. The method of claim 745, whereip the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abput 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



15 



767. The method of claim 745. wjierein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cydloalkanes. 



20 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the pydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than aboutf 0.05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



77 1 . The method of c 
30 a majority of the selected 
least about 2.0 bar absolute 



aim 745, further comprising controlling a pressure within at least 
section of the formation, wherein the controlled pressure is at 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , whereifi the partial pressure of H 2 within 
the mixture is greater than about 0.5 bar. 

5 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons aip H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

10 774. The method of claim 745, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

1 5 numbers greater than about 25 . 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

20 777. The method of claim 745, further comprising: 

providing hydrogen (H 2 ) to/the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

25 778. The method of claim 745. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



779. The method of clainJ 745, wherein allowing the heat to transfer comprises 



30 increasing a permeability o 
millidarcy. 



a majority of the selected section to greater than about 100 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 781. The method of claim 745 ? further comprisirjjg controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiiyat least about 7 heat sources are disposed in 
the formation for each production well. 



15 



783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in p. unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



20 



784. The method of claim 745, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tp form a repetitive pattern of units. 



785. A method of treatuWa coal formation in situ, comprising: 
heating a selected volume w) of the coal formation, wherein formation has an average 
25 heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating fenergy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C x fp B 

30 wherein Pwr is the heating energy/day, A is an average heating rate of the formation, 

p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

787. The method of claim 785, wherein heating a selected volume comprises heating 

with a surface burner. j 

i 

788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. / 

789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. / 

790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a functiorf of temperature, or the temperature is controlled as 
a function of pressure. / 

791 . The method of claim 785 /further comprising controlling the heating such that an 
average heating rate of the selec/ed volume is less than about 1 °C per day during 
pyrolysis. / 

792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

793. The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method df claim 785, wherein heating the selected volume comprises heating 
the selected section /such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weighyto about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 
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797. The method of claim 785, wherein ther produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are Olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



20 



799. The method of claim 785 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessihan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of clain/785, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinfless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 801 . The method of cftaim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and whjfcrein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



802. The method 
30 hydrocarbons, wheijbin 



)f claim 785, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, andAyherein ^ oxygen 
containing compounds comprise phenols. 



803. The method of claim 785, wherein the produced mixture comprises condensable 



/ 



hydrocarbons, and wherein greater than about 20 °A/by weight of the condensable 
hydrocarbons are aromatic compounds. 



804. The method of claim 785, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein less than about p % by weight of the condensable 
10 hydrocarbons comprises multi-ring aromaftics with more than two rings. 



15 



20 



25 



805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 786, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ^re cycloalkanes. 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component/ wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen ik greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



809. The metHod of claim 785, wherein the produced mixture comprises ammonia, and 
30 wherein the amrionia is used to produce fertilizer 



332 Conley. Rose & Tayon. P C 



8 1 0. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wheijein the controlled pressure is at 
least about 2.0 bar absolute. ) 



5 811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2. 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 

8 1 2. The method of claim 785, wherein th/partial pressure of H2 is measured when the 
1 0 mixture is at a production well. 



h 15 



; : : 



20 



813. The method of claim 785 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

814. The method of claim 785, whferein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785 /further comprising: 
providing hydrogen (H2/to the heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of thk volume with heat from hydrogenation. 



816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



817. The method of c 
majority of the selected 



aim 785, further comprising increasing a permeability of a 
volume to greater than about 100 millidarcy. 
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8 1 8. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



819. The method of claim 785, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 
the formation for each production well. / 



10 



15 



20 



/ 

82 1 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uqat of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



823. A method of treating a coal formation in situ, comprising: 

providing heat from one (jr more heat sources to at least a portion of the 
formation; 

allowing the heat to trajisfer from the one or more heat sources to a selected 
section of the formation to raiie an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected Section rises by less than about 3 °C per day when the average 
temperature of the selected /section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 
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producing a mixture from the formation. 



30 



824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 



increasing energy input into the formation to raise an average temperature of the 
d section above the first t< 
below a desired production rate. 



10 selected section above the first temperature when production of formation fluid declines 



825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
15 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the oiie or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into tne formation to raise an average temperature of the 
20 selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 

826. The method of claim 82i, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons within the selected section. 

827. The method of clainj 823, wherein the one or more heat sources comprise 
electrical heaters. 



828. The method of claijn 823, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 



flameless distributed combustors. 



5 830. The method of claim 823, wherein the one^or more heat sources comprise natural 
distributed combustors. 



10 



83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the/selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



ru 



15 



20 



25 



832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than/about 1 .5 °C per day during pyrolysis. 

833. The method of claim 823, wjlerein the heat is controlled that an average heating 
rate of the selected section is less tMan about 1 °C per day during pyrolysis. 

834. The method of claim 823/ wherein providing heat from the one or more heat 
sources to at least the portion ouformation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = h+V*C v *p B j 

wherein Pwr is tht heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 



30 835. The method of c 

transferring heat substantially 



aim 823, wherein allowing the heat to transfer comprises 
by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than aboj/t 0.5 W/(m °C). 



837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leasyabout 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % bj weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



839. The method of claim 823, whefein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

840. The method of claim 822, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons isiess than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about JO. 001 . 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than ^bout 0.001 . 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydroc^-bons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocj rbons is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen 



844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °//by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxj|gen. 

10 845. The method of claim 823, wherein tpe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pftenols. 

847. The method of claim 82 J, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



25 



848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



849. The method of cflaim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less tpan about 80 % by volume of the non- 
condensable component. 

852. The method of claim 823, wherein tlie produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



853. The method of claim 823, whereip the produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, fuiper comprising controlling a pressure within at least 
a majority of the selected section ofythe formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

20 

855. The method of claim 823( further comprising controlling formation conditions to 
produce a mixture of condensaple hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tMan about 0.5 bar. 

25 856. The method of clainy 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of damn 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
providing H 2 to the heated section to hydrog^hate hydrocarbons within the 

section; and 

heating a portion of the section with heat frbm hydrogenation. 



10 



860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furthery/omprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



15 



861 . The method of claim 823, wherein a/llowing the heat to transfer comprises 
increasing a permeability of a majority of Jhe selected section to greater than about 100 
millidarcy. 



862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 863. The method of claim 823, farther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



25 



864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production wen, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



865. The method of claim/823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 

/ 

10 about 270 °C; j 

allowing the heat to transfer from thef one or more heat sources to the selected 
section of the formation; I 

controlling the heat from the one or more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 
15 producing a mixture from the formation. 

868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

20 

869. The method of claim 867/wherein the one or more heat sources comprise 
electrical heaters. 

870. The method of claim 8&7, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 

871 . The method of clainj 867, wherein the one or more heat sources comprise surface 
burners. 

30 872. The method of claijhi 867, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

5 874. The method of claim 867, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

10 875. The method of claim 867, wherein thfe heat is further controlled such that an 

average heating rate of the selected section As less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, wherein the heat is further controlled that an average 
1 5 heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 



20 



25 



30 



877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected Section is less than about 1 °C per day during 
pyrolysis. 

878. The method of claim 867/wherein providing heat from the one or more heat 
sources to at least the portion of/formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bj the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation joulk density. 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The method of claim 867, wherein providing heat from the one or more heat 

5 sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than'about 0.5 W/(m °C). 

/ 

y 
/ 

88 1 . The method of claim 867, wherein tye produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

10 / 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefin/. 

15 883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocpbons are olefins. 

884. The method of claim/867, wherein the produced mixture comprises non- 
20 condensable hydrocarbons/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon^ is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than abput 0.00 1 . 

885. The method oj claim 867, wherein the produced mixture comprises condensable 
25 hydrocarbons, and Wnerein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and vherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the conder sable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

/ 
/ 

10 . 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about /20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867, wherein trie produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about p % by weight of the condensable 

hydrocarbons comprises multi-ring aromaiics with more than two rings. 

891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than agout 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 r/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 

25 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein /the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydfogen is less than about 80 % by volume of the non- 
30 condensable component. 
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894. The method of claim 867, wherein the produced iAixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
10 least about 2.0 bar absolute. 



15 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 897, ^herein the partial pressure of H2 is measured when the 
mixture is at a production well. 



899. The method of claim 8#7, further comprising altering a pressure within the 
20 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about : 

900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of/hydrogen from the mixture into the formation. 



901 . The method of claim 867, further comprising: 

providing hydyogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; 

heating a portion of the section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 

5 903. The method of claim 867, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

904. The method of claim 867, wherein allowing the heat to transfer comprises 

10 substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 5 906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well jand wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

907. The method of claim 867, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

908. The method of claim 867, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located inithe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 909. A method erf treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
5 producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 
controlling heat input to raise the mopitored temperature at a rate of less than 

about 3 °C per day. 

10 910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbonsAvithin the selected section of the formation. 

911. The method of claim 909, ^herein the one or more heat sources comprise 
15 electrical heaters. 



912. The method of claim 9{J9, wherein the one or more heat sources comprise surface 
burners. 



20 913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed comoustors. 



25 



914. The method of jflaim 909, wherein the one or more heat sources comprise natural 
distributed combustor 

915. The method bf claim 909, further comprising controlling a pressure and a 
temperature within/at least a majority of the selected section of the formation, wherein 
the pressure is cornrolled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 

rate of the selected section is less than about 1 °C per da/ during pyrolysis. 

/ 

/ 

917. The method of claim 909, wherein providing' heat from the one or more heat 
5 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal ^formation from the one or more heat 
sources, wherein the formation has an average k£eat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
10 wherein Pwr is calculated by the equation:/ 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density/ 



15 918. The method of claim 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

20 a portion of the selected section is greater than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an AFI gravity of at least about 25°. 

25 92 1 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

922. The method or claim 909, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

/ 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 



924. The method of claim 909, wherein pie produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



20 



925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 909, Avherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen/containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of clainy909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromaticf compounds. 



25 928. The method of cljkim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



929. The method of claim 909, wherein the produced mixture comprises condensable 



30 hydrocarbons, and w! 



hydrocarbons are asppaltenes. 



erein less than about 0.3 % by weight of the condensable 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

93 1 . The method of claim 909, wherein ^ie produced mixture comprises a non- 
condensable component, wherein the non^condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
10 condensable component. 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

15 933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim P09, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
20 least about 2.0 bar absolute 



25 



30 



935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



936. The method of 
mixture is at a production 



laim 935, wherein the partial pressure of H2 is measured when the 
well. 



937. The method of claim 909, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

5 939. The method of claim 909, further comprising: \ 

providing H2 to the heated section to hydro^enate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrogenation. 



10 940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furthe( comprising hydrogenating a portion of the 
produced condensable hydrocarbons with ay least a portion of the produced hydrogen. 



941. The method of claim 909, wherein allowing the heat to transfer comprises 
1 5 increasing a permeability of a majority </f the selected section to greater than about 1 00 
millidarcy. 



t y 



20 



942. The method of claim 909, wtterein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



944. The method of claimy909, wherein producing the mixture comprises producing 
25 the mixture in a production Avell, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern /of units. 

947. A method of treating a coal formation in si/u, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein the portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant through a conduilf positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant Avith hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flawing the oxidant through the critical flow orifices to the 
heat source zone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through ithe wellbore. 



95 1 . The method of ciaim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 
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952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

/ 

953. The method of claim 947, further comprising bfeating the conduit with reaction 
5 products being removed through the wellbore. / 

954. The method of claim 947 r wherein the oxidant comprises hydrogen peroxide. 



10 



£0 



id 



955. The method of claim 947, wherein the oxidant comprises air. 

956. The method of claim 947, wherein th/ oxidant comprises a fluid substantially free 
of nitrogen. 



l7 957. The method of claim 947, further Comprising limiting an amount of oxidant to 

=f 15 maintain a temperature of the heat source zone less than about 1200 °C. 

n ! / 

!L 958. The method of claim 947, wherein heating the portion of the formation comprises 

Jp electrically heating the formation. 



20 9 59. The method of claim 947, ^herein heating the portion of the formation comprises 
heating the portion using exhaust cases from a surface burner. 



25 
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960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 
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962. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. / 



15 



965. The method of claim 947, further comprising: 

providing hydrogen (H2) to the pyrojysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis 2/bne with heat from hydrogenation. 



20 



966. The method of claim 947, whereon transferring generated heat comprises 
increasing a permeability of a majority/of the pyrolysis zone to greater than about 100 
millidarcy. 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



968. The method of claim 947/ wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 94p, wherein the wellbore is located along strike to reduce 
pressure differentials along a hiated length of the wellbore. 



30 970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 
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97 1 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 

5 972. A method of treating a coal fonnation in situ, comprising: 

heating a portion of the formation to a tempera/ture sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 
10 allowing the oxidant and the hydrocarbor^s to react to produce heat in a heat 

source zone; 

allowing heat to transfer from the heat jfource zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the^iydrocarbons within the pyrolysis zone: 
and 

15 removing reaction products such th&t the reaction products are inhibited from 

flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion /bove about 400 °C. 

20 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

975. The method of claim 97a wherein heating the portion of the formation comprises 
25 heating the portion using exhaust gases from a surface burner. 

976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flpwing the oxidant through the critical flow orifices to the 
heat source zone. 

30 
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977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing ruction products from the heat 
source zone through the wellbore. / 

978. The method of claim 972 ? further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to/the pyrolysis zone. 

979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the/conduit is located within a wellbore. the 
method further comprising heating the condifit with reaction products being removed 
through the wellbore to raise a temperatureyof the oxidant passing through the conduit. 

98 1 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein the oxidant comprises air. 

983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 
of nitrogen. / 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the Heat source zone less than about 1200 °C. 

985. The method of claim ©72, further comprising limiting an amount of oxidant to 
maintain a temperature of tljfe heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 

986. The method of ch 
temperature sufficient to 
comprises heating with a 
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972, wherein heating a portion of the formation to a 
^upport oxidation of hydrocarbons within the portion further 
lameless distributed combustor. 



987. The method of claim 972, further comprising controlling^ pressure and a 
temperature within at least a majority of the pyrolysis zone of fhe formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
5 function of pressure. 



988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1 0 989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 

1 5 is greater than about 0.5 W/(m °C). 

991 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, whe/ein the controlled pressure is at least about 2.0 bar 
absolute. 



20 



25 



992. The method of claim 972/ further comprising: 
providing hydrogen (H^) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of me pyrolysis zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 



30 994. The method oflclaim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



/ 1 



5 996. An in situ method for heating a coal formatio^ comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 
10 allowing the oxidizing gas to react with/at least a portion of the hydrocarbons at 

the heat source zone to generate heat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

1 5 997. The method of claim 996, further/comprising transporting the oxidizing fluid 
through the heat source zone by diffusic 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening throjugh orifices of a conduit disposed in the opening. 



999. The method of claim 996, iurther comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



25 



1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



1 00 1 . The method of claiiA 996, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1 002. The method of claim 996, wherein a conduit is disposed within the opening, the 

I 

5 method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
10 method further comprising removing an oxidati</n product from the formation through 

the conduit and controlling a pressure betweenAhe oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

1 5 1 004. The method of claim 996, wherein/a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is/disposed within the opening, the method further 
comprising providing the oxidizing fluia into the opening through the center conduit and 
removing an oxidation product througn the outer conduit. 

20 1 005. The method of claim 996, wHerein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1 006. The method of claim 996L wherein heating the portion comprises applying 
electrical current to an electric neater disposed within the opening. 

25 / 

1007. The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. / 

1008. The method of claim 996, further comprising controlling a pressure and a 

30 temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



1 009. The method of claim 996, further comprising controlling the heat such that an 
5 average heating rate of the pyrolysis zone is less than kbout 1 °C per day during pyrolysis. 



1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



10 1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of ay east a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). / 



1012. The method of claim 996, further comprising controlling a pressure within at least 
15 a majority of the pyrolysis zone, whereirythe controlled pressure is at least about 2.0 bar 

absolute. 

1013. The method of claim 996, further comprising : 
providing hydrogen (H2) to yic pyrolysis zone to hydrogenate hydrocarbons 

20 within the pyrolysis zone; and 

heating a portion of the pyfolysis zone with heat from hydrogenation. 

1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a jjnajority of the pyrolysis zone to greater than about 1 00 

25 millidarcy. 

1015. The method of claim/996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

30 1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weigW of condensable hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 



providing heat from one or more heat sources to at' least a portion of the 
formation; / 
5 allowing the heat to transfer from the one or mpre heat sources to a selected 

section of the formation; / 
producing a mixture from the formation; an^ 
maintaining an average temperature within/the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
10 carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 

1018. The method of claim 1017, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

15 sources pyrolyzes at least some hydrocarbpns within the selected section of the 
formation. 

1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 

20 temperature range. 

1 020. The method of claim 1017, vperein the one or more heat sources comprise 
electrical heaters. 

25 1 02 1 . The method of claim 1 0 1 7,^vherein the one or more heat sources comprise 
surface burners. 

1022. The method of claim 10 IF, wherein the one or more heat sources comprise 
flameless distributed combustor?. 

30 
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1 023 The method of claim 1017, wherein the one or more heat sources comprise natural 

A 

distributed combustors. 

/ 

1 024 . The method of claim 1017, wherein the rninimum^pyrolysis temperature is greater 
5 than about 270 °C. / 

/ 

/ 

1025. The method of claim 1017, wherein the vapo^zation temperature is less than 
approximately 450 °C at atmospheric pressure. 



1 0 1 026 . The method of claim 1017, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 5 1 027. The method of claim 1017, further Comprising controlling the heat such that an 
average heating rate of the selected sectiop is less than about 1 °C per day during 
pyrolysis. 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (if) of the coal formation from the one or more heat 
sources, wherein the formation hasfan average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by tl^e equation: 
Pwr = /**F*C v */>* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bylk density, and wherein the heating rate is less than about 1 0 
°C/day. 
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1 029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1030. The method of claim 101 7, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such' that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



10 



1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1032. The method of claim 1017, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



15 1033. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein About 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



1 034. The method of claim 1017, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less pan about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00] 



1035. The method of claim 1017, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein lefts than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1 036. The method of claiirf 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable h)drocarbons is oxygen. 
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1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

/ 

/ 

/ 

5 1 038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abou/30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

10 1 039. The method of claim 1017, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than abouy20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1040. The method of claim 1017, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 041 . The method of claim 1017, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. / 

1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are iycloalkanes. 

25 / 

1043. The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, who ein the non-condensable component comprises hydrogen, 
wherein the hydrogen is great it than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 

\ 
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1 044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1045. The method of claim 1017, wherein the produced mixture comprises ammonia. 
5 and wherein the ammonia is used to produce fertilizer. 

/ 

/ 

1 046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 

] 5 1 048 . The method of claim 1 047, whereip the partial pressure of H2 is measured when 
the mixture is at a production well. 



20 
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1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1050. The method of claim 1017, further comprising: 
providing hydrogen (H2) tcythe heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1 05 1 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

5 1 053. The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 / 

1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well 

15 1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 1 057. The method of clainy 1 01 7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 

1058. A method of treating a coal formation in situ, comprising: 

providing he^t from one or more heat sources to at least a portion of the 
formation; 

allowing thd heat to transfer from the one or more heat sources to a selected 
30 section of the formation; 
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controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

/ 

5 1059. The method of claim 1058, wherein the one or more heat sources comprise at 

least two heat sources, and wherein superposition of heat frorrf at least the two heat 

/ 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



10 
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1060. The method of claim 1058, wherein the one oi/more heat sources comprise 
electrical heaters. / 

/ 

1061 . The method of claim 1058, wherein the o/e or more heat sources comprise 
surface burners. 

1062. The method of claim 1058, wherein tpe one or more heat sources comprise 
flameless distributed combustors. 



f 1063. The method of claim 1058, wherpn the one or more heat sources comprise natural 

W 20 distributed combustors. 



25 



1064. The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of tempera/ure, or the temperature is controlled as a function of 
pressure. 



30 



1 065. The method of claim 1 064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



5 1 067. The method of claim 1 058, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: / 

/ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the /volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 
O Pwr = h*V*C v *p B 

m wherein Pwr is the heating energy/day Jh is an average heating rate of the 

^ formation, p B is formation bulk density, and ^herein the heating rate is less than about 10 

lp 15 °C/day. 

s 1068. The method of claim 1058, wherein allowing the heat to transfer comprises 

j* transferring heat substantially by conduction. 

q 20 1 069. The method of claim 1058, wierein providing heat from the one or more heat 
^ sources comprises heating the selected formation such that a thermal conductivity of at 

least a portion of the selected sect/on is greater than about 0.5 W/(m °C). 

1070. The method of claim 1068, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

1 071 . The method of claim/ 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons /are olefins. 

30 
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1 072. The method of claim 1 058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1' % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefii 

5 1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than aboiy 0.1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

10 1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less tham about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



pa 
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1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

n 20 basis, of the condensable hydrocarbons is sulfur. 

1 077. The method of claim 1/058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 



30 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatifc compounds. 
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1079. The method of claim 1058, wherein the produced mixture comprises condensable 

hvdrocarbons. and wherein less than about 5 % by weight of the condensable 

I 

hydrocarbons comprises multi-ring aromatics with more than two nngs. 



5 1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by wpgtvt of the condensable 
hydrocarbons are asphaltenes. 



1 08 1 . The method of claim 1 058, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight p about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 082. The method of claim 1 058, wherein ttfe produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
1 5 wherein the hydrogen is greater than abouy 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is /ess than about 80 % by volume of the non- 
condensable component. 



20 



1083. The method of claim 1058, wtferein the produced mixture comprises ammonia, 
and wherein greater than about O.OS^/o by weight of the produced mixture is ammonia. 



1 084. The method of claim 1 05& wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



30 



1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is great* r than about 0.5 bar. 
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1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



5 1088. The method of claim 1058, wherein controlling formation conditions comprises 



1089. The method of claim 1058, further comprising: 
providing hydrogen (H2) to the heated/section to hydrogenate hydrocarbons 

10 within the section; and / 

heating a portion of the section witp heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 

1 5 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091 . The method of claim 10587wherein allowing the heat to transfer comprises 
increasing a permeability of a ma/ority of the selected section to greater than about 100 
millidarcy. / 



1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1093. The method of claim 1058, further comprising controlling the heat to yield greater 
25 than about 60 % by weigh! of condensable hydrocarbons, as measured by Fischer Assay. 

1094. The method of clWn 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



recirculating a portion of hydrogen from the mixture into the formation. 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

1096. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein plurality of the units are repeated 

10 over an area of the formation to form a repetitive f^attem of units. 

1097. A method of treating a coal formation in/situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

15 allowing the heat to transfer from the/one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olafins. 



20 
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1 098. The method of claim 1097, whferein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hyd/ocarbons within the selected section of the 
formation. 

1 099. The method of claim 1 09 j, wherein the one or more heat sources comprise 
electrical heaters. 



1 100. The method of claim 10p7, wherein the one or more heat sources comprise 
30 surface burners. 
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1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

A 

1 1 02. The method of claim 1097, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

/ 

1 1 03. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
the pressure is controlled as a function of temperance, or the temperature is controlled as 

10 a function of pressure. j 

1 1 04. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the sele/ted section within a pyrolysis temperature 
range. 

15 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 1 1 06. The method of claim 1097 r , wherein providing heat from the one or more heat 
sources to at least the portion oftfbrmation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
25 wherein heating energy/day provided to the volume is equal to or less than Pmt, 

wherein Pwr is calculated/by the equation: 
Pwr = h+V*C v *pl 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p B is format jpn bulk density, and wherein the heating rate is less than about 1 0 
30 °C/dav. 
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1 1 07. The method of claim 1 097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1 1 08. The method of claim 1 097, wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 1 09. The method of claim 1 097, wherein the/produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1110. The method of claim 1 097, whereof the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

15 1111. The method of claim 1 097, wMerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0/001 . 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable mydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensabl i hydrocarbons is oxygen. 



10 
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1115. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °/Jby weight of the condensable 
hydrocarbons are aromatic compounds. / 



/ 



1118. The method of claim 1097, wherein the yroduced mixture comprises condensable 
1 5 hydrocarbons, and wherein less than about 5 %/by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1119. The method of claim 1097, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloall/anes. 

25 

1121. The method of claim 1 097, wherein the produced mixture comprises a non- 
condensable component, wherein thfe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaln about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced , mixture is ammonia. 

1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 124. The method of claim 1097, further comprising controlling a pressure within at 

least a majority of the selected section of the formation, wherein the controlled pressure 

/ 

is at least about 2.0 bar absolute. 



1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar/ 



1 126. The method of claim 1 125, wherein pie partial pressure of H 2 is measured when 
the mixture is at a production well. 

1 1 27. The method of claim 1 097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1128. The method of claim 1 097, Avherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 1 29. The method of claim 1 097, further comprising: 
providing hydrogen (H^ to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of ihi section with heat from hydrogenation. 
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1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 



millidarcy. 



/ 



10 1132. The method of claim 1 097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



o 



15 



20 



1133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by Fischer Assay. 

1 1 34. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and ^herein at least about 7 heat sources are disposed in 
the formation for each production well. 

1135. The method of claim 10977further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the forma/ion in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular Pattern. 



25 
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1 136. The method of claim/1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangmlar pattern, and wherein a plurality of the units are repeated 
over an area of the formatfion to form a repetitive pattern of units. 

1 137. A method of treat ng a coal formation in situ, comprising: 
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heating a section of the formation to a pyrolysis temperature from at least a first 
heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable fluids (on a dry basis) within the/produced mixture; and 

producing the mixture from the formation through a production well. 

1138. The method of claim 1137, where/n superposition of heat form the first heat 
source, second heat source, and third he^t source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 



15 1 139. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 



ru 



H — 
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1 140. The method of claim 1 137/ wherein the first heat source is operated for less than 
about twenty four hours a day. 

1141. The method of claim 1 1/J7, wherein the first heat source comprises an electrical 
heater. 



1 1 42. The method of claim/ 1 137, wherein the first heat source comprises a surface 
25 burner. 



1 143. The method of clai^n 1137, wherein the first heat source comprises a flameless 
distributed combustor. 



30 1144. The method of claim 
third heat source are posit 



1137, wherein the first heat source, second heat source and 
oned substantially at apexes of an equilateral triangle. 
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1 145. The method of claim 1 137, wherein the production/vell is located substantially at 
a geometrical center of the first heat source, second heat/source, and third heat source. 

5 1 146. The method of claim 1 137, further comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein th/ heat sources are located substantially at 
apexes of a regular hexagon. 

10 . 

1 148. The method of claim 1 147, wher/in the production well is located substantially at 
a center of the hexagon. 

1 149. The method of claim 1 137, farther comprising controlling a pressure and a 
15 temperature within at least a majority of the section of the formation, wherein the 

pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1150. The method of claim / 1 3 7, wherein controlling the temperature comprises 
20 maintaining the temperatur^within the selected section within a pyrolysis temperature 

range. 



25 



1151. The method of daim 1137, further comprising controlling the heat such that an 
average heating rate o/the section is less than about 3 °C per day during pyrolysis. 

1152. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 1 °C per day during pyrolysis. 



1153. Themethoi 
30 sources to at least 



of claim 1137, wherein providing heat from the one or more heat 
he portion of formation comprises: 
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heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the voluble is equal to or less than /Vr, 
5 wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, his ait average heating rate of the 
formation, p B is formation bulk density, and wherein/the heating rate is less than about 1 0 

°C/day. 

10 

1 1 54. The method of claim 1 137, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

1155. The method of claim 1137, wherein providing heat from the one or more heat 
15 sources comprises heating the section such mat a thermal conductivity of at least a 

portion of the section is greater than about 0.5 W/(m °C). 

1 1 56. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ofAt least about 25°. 

20 / 

1157. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

25 1158. The method of claim 1 1 2) 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, wHerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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1 1 59. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 1 1 60. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1161. The method of claim 1137, whereir/ the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

/ 

1 1 62. The method of claim 1 137, wfc/erein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise mienols. 

1 163. The method of claim 1 ]B7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

1 164. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1 1 65. The method oy claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wfterein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 166. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about/40 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



1 1 67. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10//o by volume of the non-condensable 
component, and wherein the hydrogen is les/than about 80 % by volume of the non- 
condensable component. 

1 168. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °/# by weight of the produced mixture is ammonia. 



1 169. The method of claim 1 137, wherein the produced mixture comprises ammonia. 
15 and wherein the ammonia is used lo produce fertilizer. 

1 1 70. The method of claim 1 157, further comprising controlling a pressure within at 
least a majority of the selected' section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absoljute. 

20 

1171. The method of claijh 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

25 1 1 72. The method of/claim 1171, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



30 



1173. The method bf claim 1137, further comprising altering a pressure within the 
formation to inhibit/production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1 1 75. The method of claim 1137, farther comprising: 

5 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

y 

within the section; and / 

heating a portion of the section with he^t from hydrogenation. 

1 1 76. The method of claim 1137, wherein the produced mixture comprises hydrogen 

10 and condensable hydrocarbons, the method^ further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1177. The method of claim 1137, heating the section comprises increasing a 

ion 



15 



permeability of a majority of the section to greater than about 100 millidarcy. 

1 178. The method of claim 1 13 7, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 



1 1 79. The method of claim 1 07, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 
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1181. The method of craim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tfte formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1 1 82. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

1 1 83. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 
10 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

I 

producing a mixture from the formatibn, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein les/than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 
15 / 

1 1 84. The method of claim 1183, whe^in the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

20 

1185. The method of claim 1 1 83/ wherein the one or more heat sources comprise 
electrical heaters. 

1 1 86. The method of claim 1 ]'83, wherein the one or more heat sources comprise 
25 surface burners. 

1187. The method of claim/ 1183, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 1 88. The method of claip 1 1 83, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of claim 1 1 83, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

1 1 90. The method of claim 1 1 89, wherein controlling the temperature comprises 
maintaining the temperature within the selected section/within a pyrolysis temperature 
range. 

1191. The method of claim 1 1 83, further comprising controlling the heat such that an 
average heating rate of the selected section is lesy than about 1 °C per day during 
pyrolysis. 



15 1 1 92. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
20 wherein heating energy/day p/ovided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk pensity, and wherein the heating rate is less than about 10 

25 °C/day. 

1 1 93. The method of claim yl 83, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 1 94. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



5 1 1 95. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 1 96. The method of claim 1183, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

/ 

10 condensable hydrocarbons are olefins. j 

I 

1 1 97. The method of claim 1183, wherein the'produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



15 
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1 1 98. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less thai/about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



1 199. The method of claim 1 1 83/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th'an about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 1200. The method of claim 1 J 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le/s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 201 . The method of claim 1 1 83, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein abotit 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1203. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by/weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0^6 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1 1 83, wherefn the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % hj weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkfanes. 

1206. The method of claim 1 183, wherein the produced mixture comprises a non- 
condensable component, wherein tMe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater th&n about 1 0 % by volume of the non-condensable 
component, and wherein the hydyogen is less than about 80 % by volume of the non- 
condensable component. 



1207. The method of claim 1 183, wherein the produced mixture comprises ammonia. 



and wherein greater than aboi 



1208. The method of claim 
and wherein the ammonia is 



0.05 % by weight of the produced mixture is ammonia. 



183, wherein the produced mixture comprises ammonia, 
used to produce fertilizer. 
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1209. The method of claim 1 183, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/' 

5 1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons an<^H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

1211. The method of claim 1211, wherein the partial pressure of H2 is measured when 
10 the mixture is at a production well. 

a 1212. The method of claim 1183, further comprising altering a pressure within the 



fU 



15 



formation to inhibit production of hydrocarpons from the formation having carbon 
numbers greater than about 25. 

1213. The method of claim 1 183, whe^in controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1214. The method of claim 1 1 83, further comprising: 
20 providing hydrogen (H2) to jiie heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrpgenation. 

1215. The method of claim 1 1/83, wherein the produced mixture comprises hydrogen 

25 and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1183, wherein allowing the heat to transfer comprises 
increasing a permeability ojta majority of the selected section to greater than about 100 

30 millidarcy. 
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1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1218. The method of claim 1 183, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



1219. The method of claim 1 1 83, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein ^t least about 7 heat sources are disposed in 
the formation for each production well. 



I 



20 



1220. The method of claim 1 1 83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/init of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. y 

1221 . The method of claim 1 183, farther comprising providing heat from three or more 
heat sources to at least a portion of ihe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tcyform a repetitive pattern of units. 



25 



30 



1222. A method of treating a coal formation in situ, comprising: 

providing heat fromybne or more heat sources to at least a portion of the 
formation; 

allowing the heat tb transfer from the one or more heat sources to a selected 
section of the formation;/and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, oy the condensable hydrocarbons is oxygen. 
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1223. The method of claim 1222, wherein the one or more heaysources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters. 

1 225 . The method of claim 1 222, wherein the one jbr more heat sources comprise 
10 surface burners. 

1 226. The method of claim 1 222, wherein the />ne or more heat sources comprise 
flameless distributed combustors. 

1 5 1 227. The method of claim 1222, whereii^the one or more heat sources comprise natural 
distributed combustors. 

1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority pf the selected section of the formation, wherein 

20 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 122&, wherein controlling the temperature comprises 
maintaining the temperature wi]/hin the selected section within a pyrolysis temperature 

25 range. 

1 230. The method of claim A 222, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

30 
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1231. The method of claim 1 222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the voKime is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h isj an average heating rate of the 
formation, p B is formation bulk density, and whe/ein the heating rate is less than about 1 0 
°C/day. / 

1232. The method of claim 1222, wherein afllowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selectedysection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / 

/ 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by /weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroger 



10 1239. The method of claim 1222, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



i tne/pr 
1 °ibj 

basis, of the condensable hydrocarbons is oxygen. 



1240. The method of claim 1222, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1241. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1242. The method of claim 1222,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are aromatic compounds. 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multif ring aromatics with more than two rings. 

30 
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1 244. The method of claim 1 222, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. , 



1 245 . The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight , to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



o 



1 246. The method of claim 1 222, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aboiit 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen i^r less than about 80 % by volume of the non- 
condensable component. 



1 5 1 247. The method of claim 1 222, vmcvevn the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



ps 



E 20 



1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usqrd to produce fertilizer. 

1249. The method of claim /222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1 250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is gi/eater than about 0.5 bar. 



1251. The method of claim 1 250. wherein the partial pressure of H2 is measured when 
30 the mixture is at a production well. 
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1 252. The method of claim 1 222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

/ 

heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1256. The method of claim 1222,Avherein allowing the heat to transfer comprises 
increasing a permeability of a ma/ority of the selected section to greater than about 1 00 
millidarcy. / 

1257. The method of claim L222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of clami 1222, further comprising controlling the heat to yield greater 
than about 60 % by weignt of condensable hydrocarbons, as measured by Fischer Assay. 

1259. The method of olaim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eachf production well. 



1 254. The method of claim 1 222, further comprising: 
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1 260. The method of claim 1 222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources,/and wherein the unit of heat 
sources comprises a triangular pattern. / 

5 / 

1261 . The method of claim 1 222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

1262. A method of treating a coal formation in/situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
1 5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is sulfur. 
20 / 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some Hydrocarbons within the selected section of the 
formation. / 

25 / 

1264. The method of claim/1262, wherein the one or more heat sources comprise 
electrical heaters. / 

1265. The method of cladn 1262, wherein the one or more heat sources comprise 
30 surface burners. / 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1267. The method of claim 1262, wherein the one or more l/eat sources comprise natural 
5 distributed combustors. 



10 



1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected seation of the formation, wherein 
the pressure is controlled as a function of temperatureVor the temperature is controlled as 
a function of pressure. 



15 



1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected ^ection within a pyrolysis temperature 
range. 

1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 1271 . The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (typf the coal formation from the one or more heat 
sources, wherein the formation has m average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/da^' provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the/equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation buljjt density, and wherein the heating rate is less than about 10 
30 °C/day. 
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1 272. The method of claim 1 262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim 1262, wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation suchythat a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

10 / 

1275. The method of claim 1262, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

15 1 276. The method of claim 1 262, whereiti the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein af molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1278. The method of claim 1262, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lps than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hyprocarbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

1281. The method of claim 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °f by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1282. The method of claim 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics/with more than two rings. 

1283. The method of claim 1262, wherein Ahe produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



20 



1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



30 



1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyd/ogen is less than about 80 % by volume of the non- 
condensable component. 



1286. The method of claim 1262 
and wherein greater than about 



, wherein the produced mixture comprises ammonia, 
.05 % by weight of the produced mixture is ammonia. 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. ) 



1288. The method of claim 1262, further comprising controlling a pressure within at 

5 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and ¥p, wherein a partial pressure of H: 

1 0 within the mixture is greater than about 0.5 bar. 

1290. The method of claim 1289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

15 1291. The method of claim 1 262, further comprising altering a pressure within the 
formation to inhibit production of hydrocartxps from the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from/the mixture into the formation. 



25 



1293. The method of claim 1262, further comprising: 

providing hydrogen (H 2 ) to tljfe heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



30 



1 294. The method of claim 1 262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section greater than about 1 00 
millidarcy. 

1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 297. The method of claim 1262, further comprising/controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at /east about 7 heat sources are disposed in 
the formation for each production well. / 

1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation hi a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1301 . A method of treating a coal formation in situ, comprising: 

raising a temperature oya first section of the formation with one or more heat 
sources to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
supplied to the first section art a rate configured to inhibit olefin production; 
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producing a first mixture from the formation, wherein the first mixture comprises 

/ 

condensable hydrocarbons and H2: 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H 2 than the first mixture; 
5 raising a temperature of a second section of the formation with one or more heat 

sources to a second pyrolysis temperature; 

/' 

providing a portion of the second mixture to the second section; 
heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
10 producing a third mixture from the second section. 

1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from the firsy mixture. 

15 1 303. The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from the first mbjfrure. 

20 

1305. The method of claim 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claim 1301, wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 



1307. The method of claim 1301 ,^vherein the upper pyrolysis temperature is about 500 
°C. 



30 1 308. The method of claim 1 30 1 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 



1 309. The method of claim 1301, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

/ 

/ 

1310. The method of claim 1301, wherein the one or njore heat sources comprise 

surface burners. / 

// 

10 1311. The method of claim 1301, wherein the on^ or more heat sources comprise 
flameless distributed combustors. 

1312. The method of claim 1301, wherein th^ one or more heat sources comprise natural 
distributed combustors. 



4 s 15 
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1313. The method of claim 1301, furthe/ comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301/ further comprising controlling the heat to the first and 
second sections such that an ave/age heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



25 1315. The method of claim y301, wherein heating the first and the second sections 
comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 wherein heating enjbrgy/day provided to the volume is equal to or less than Pwr, 



wherein Pwr is calculated 



by the equation: 
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Pmt = /r*K*CVV* 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / ' 

5 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The method of claim 1301, wherein heating the first and second sections 
10 comprises heating the first and second sections such that a thermal conductivity of at least 

a portion of the first and second sections iSygreater than about 0.5 W/(m °C). 



15 



1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319. The method of claim 1301, wfoerein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. 



20 1 320. The method of claim 1 3£)1 , wherein the first or third mixture comprises non- 
condensable hydrocarbons, anq wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1321. The method of claim 1301, wherein the first or third mixture comprises 
25 condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of thjfe condensable hydrocarbons is nitrogen. 



30 



1 322. The method of fclaim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, oflthe condensable hydrocarbons is oxygen. 



\ 
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1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

5 1324. The method of claim 1301, wherein tMe first or third mixture comprises 

condensable hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

10 1325. The method of claim 1301, whprein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



h 15 



1326. The method of claim 13(M, wherein the first or third mixture comprises 
condensable hydrocarbons, ancywherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



1327. The method of claiii/i 1301 , wherein the first or third mixture comprises 
condensable hydrocarbons^ and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



25 



1 328. The method of tflaim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

1329. The method if claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 

component. 



30 the non-condensabl 
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1 330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 332. The method of claim 1 301 , further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. / 

10 / 

1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocaroons and H2, wherein a partial pressure of H2 
within the mixture is greater than about Op bar. 

1 5 1 334. The method of claim 1333, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 



20 



1335. The method of claim 1 301 , further comprising altering a pressure within the 
formation to inhibit production oyhydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



1336. The method of claim 1G01, further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion otthe first or second section with heat from hydrogenation. 



30 



1337. The method of claim 1301, further comprising: 

producing hydrdgen and condensable hydrocarbons from the formation; and 
hydrogenating I portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1 339. The method of claim 1301, further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. 

1340. The method of claim 1301, wherein the heating i§ controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

/ 

10 1341. The method of claim 1301. wherein producii^ the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

1342. The method of claim 1301, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1343. The method of claim 1301, furtKer comprising providing heat from three or more 
20 heat sources to at least a portion of ther formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1344. A method of treating a coal formation in situ, comprising: 

providing heat from on£ or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 
30 producing a mixture from the formation: and 



406 



Conlev Rose & Tayon. P C 



hydrogenating a portion of the produced mixture with H2 produced from the 



formation. ' 



1 345. The method of claim 1 344, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 346. The method of claim 1 344, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

1347. The method of claim 1344, wherein throne or more heat sources comprise 
electrical heaters. 

15 1 348. The method of claim 1344, whereii/ the one or more heat sources comprise 
surface burners. 

1349. The method of claim 1344, wherein the one or more heat sources comprise 
flameless distributed combustors. 

20 

1350. The method of claim 1344,^vherein the one or more heat sources comprise natural 
distributed combustors. 

1351. The method of claim 1 344, further comprising controlling a pressure and a 
25 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as f function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of clAim 1344, further comprising controlling the heat such that an 
30 average heating rate of /he selected section is less than about 1 °C per day during 

pyrolysis. 
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1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (I 7 ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity/(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is ah average heating rate of the 
formation, p B is formation bulk density, and wherem the heating rate is less than about 1 0 

°C/day. 

1 354. The method of claim 1 344, wherein al}£>wing the heat to transfer comprises 
transferring heat substantially by conductior 

1355. The method of claim 1 344, wherem providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is grea/er than about 0.5 W/(m °C). 

1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 134A, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rjanges from about 0.001 to about 0.15. 
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1359. The method of claim 1344, wherein the produced mixhire comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen! 

1361 . The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 yVo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1362. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greafer than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 364. The method of claim/l 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein dess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1 365. The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalienes. 
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1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the'non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1369. The method of claim 1344, wherein the produceyd mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer) 

1370. The method of claim 1344, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371. The method of claim 1 344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressif e of H 2 within the mixture is greater than 
about 0.5 bar. 

1 372. The method of claim 1344, whereiA the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1344, furthfer comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1 374. The method of claim 1 344, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenaje hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

/ 

1 375. The method of claim 1344, wherein allowing the hea/to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of /majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1378. The method of claim 1 344, wherein producing the mixture comprises producing 
the mixture in a production well, and wher/in at least about 7 heat sources are disposed in 
the formation for each production well. / 

1 379. The method of claim 1 344, further comprising providing heat from three or more 
heat sources to at least a portion of thfc formation, wherein three or more of the heat 
sources are located in the formationAn a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 380. The method of claim 1 34ft, further comprising providing heat from three or more 
heat sources to at least a portiorf of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1381. A method of treating a coal formation in situ, comprising: 
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heating a first section of the formation; 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. 

1 382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater/ 



1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 



1384. The method of claim 1381, wherein Seating the first section or heating the second 
15 section comprises heating with a flameless distributed combustor. 

1385. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

20 1 386. The method of claim 1381 further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

25 1387. The method of clainy 1 38 1 , further comprising controlling the heat such that an 
average heating rate of the ^irst or second section is less than about 1 °C per day during 
pyrolysis. 

1388. The method of claim 1381, wherein heating the first section or heating the second 
30 section further comprises: 
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heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity ('C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

1 389. The method of claim 1381, whereir/heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, wherein heating the first section or heating the second 
15 section comprises heating the formation such that a thermal conductivity of at least a 

portion of the first or second section is greater than about 0.5 W/(m °C). 

1391. The method of claim 1 38 If , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 

20 having an API gravity of at leapt about 25°. 

1 392. The method of claim/l 38 1 , further comprising producing a mixture from the 
second section, wherein thef produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

25 are olefins. 

1393. The method of cflaim 1381, further comprising producing a mixture from the 
second section, whereih the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 

30 ranges from about 0.001 to about 0.1 5. 
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1 394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. // 

5 / 

1 395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

10 / 

1396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

15 / 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by Aveight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 

20 comprise phenols. / 

1398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mimire comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weiaht of the condensable hydrocarbons are aromatic 

25 compounds. / 

1 399. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

30 ring aromatics with more than two/rings. 
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1 400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



1 40 1 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1 402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volun/e of the non-condensable component. 

1 403 . The method of claim 1381, furthfer comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the p/oduced mixture is ammonia. 

1404. The method of claim 1381 /further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 

1 405 . The method of claim A 3 8 1 , further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.6 bar absolute. 



1 406. The method of cMm 1381, further comprising controlling formation conditions to 
produce a mixture of con'densable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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1407. The method of claim 1406, wherein the partial pressure fifty within a mixture is 
measured when the mixture is at a production well. 

5 1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 409. The method of claim 1381, further comprising: 
10 providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 

within the section; and 

~= heating a portion of the second section^ with heat from hydrogenation. 

/ 

r 3 / 

U 1410. The method of claim 1381, further comprising: 

+; ] 5 producing hydrogen and condensable hydrocarbons from the formation; and 

fy hydrogenating a portion of the produced condensable hydrocarbons with at least a 

L portion of the produced hydrogen. 

's ' 

j| 1411. The method of claim 1381, wherein heating the first section or heating the second 

Q 20 section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than aboutr 100 millidarcy. 



25 



1412. The method of claim li81, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



30 



1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the fteat of the second section to yield greater than about 60 % by 
weight of condensable hjprocarbons, as measured by Fischer Assay. 
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1414. The method of claim 1381. further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1415. The method of claim 1381, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein Jhree or more of the heat 

I 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,ywherein three or more of the heat 
sources are located in the formation in a unit oHieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1417. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer/from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture froifi the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture is greater than about 0.5 bar. 

1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sources, abd wherein superposition of heat from at least the two heat 
sources pyrolyzes at leist some hydrocarbons within the selected section of the 
formation. / 

\ 
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1419! The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

/ 

1420. The method of claim 1417, wherein the one or more heat sources comprise 

electrical heaters. / 

/ 

1421. The method of claim 1417, wherein the one or more heat sources comprise 
surface burners. / 

1422. The method of claim 1417, wherein me one or more heat sources comprise 
flameless distributed combustors. / 

1423. The method of claim 1417, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1425. The method of claim 141 7, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 426. The method of clafim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is^qual to or less than Pw r. 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1427. The method of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conductior 

1428. The method of claim 1417, whereto providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1429. The method of claim 141 y, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1431. The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The methpd of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1433. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1 434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1435. The method of claim 1417, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1436. The method of claim 1417, whereiifthe produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than zjoout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaj( about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le/s than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene^ 

25 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 1 440. The method of/claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



5 1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 442 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

10 

_ 1 443 . The method of claim 1417, further Comprising controlling a pressure within at 

2 least a majority of the selected section of phe formation, wherein the controlled pressure 

^ is at least about 2.0 bar absolute. 

Ljl 

% 1 5 1 444. The method of claim 1417, further comprising altering a pressure within the 
fU formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

£ 

jg 1445. The method of claim 14/7, wherein controlling formation conditions comprises 

^ 20 recirculating a portion of hydrogen from the mixture into the formation. 



25 



1446. The method of clainV 1417, further comprising: 

providing hydrogeijf (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion bf the section with heat from hydrogenation. 



1 447. The method of clkim 1417, further comprising: 



producing hydro; 
hydrogenating a 
30 portion of the produced 



en and condensable hydrocarbons from the formation; and 
3ortion of the produced condensable hydrocarbons with at least a 
lydrogen. 

V 
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1448. The method of claim 141 7, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



5 1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of ^majority of the selected section. 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



145 1 . The method of claim 141 7, wherein producing the mixture comprises producing 
the mixture in a production well, and wherejn at least about 7 heat sources are disposed in 
the formation for each production well. 



1 5 1 452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of th& formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 
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1453. The method of claim 14 77, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of treating a coal formation in situ, comprising: 
30 providing hep from one or more heat sources to at least a portion of the 

formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H 2 , as compared to the partial pressure of H 2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455, wherein theybne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 457. The method of claim 1 455, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1458. The method of claim 1455/wherein the one or more heat sources comprise 
electrical heaters. 

1459. The method of claim 1^55, wherein the one or more heat sources comprise 
surface burners. 

1460. The method of claifn 1455, wherein the one or more heat sources comprise 
flameless distributed coirfbustors. 

1 46 1 . The method of claim 1 455, wherein the one or more heat sources comprise natural 
distributed combustors 

1462. The method if claim 1455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, o^the temperature is controlled as 
a function of pressure. j 

i 

1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less/than about 1 °C per day during 

pyrolysis. / 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formationycomprises: 

heating a selected volume (V) of me coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day p/ovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk dfensity, and wherein the heating rate is less than about 1 0 
°C/day. / 

1465. The method of claim/l455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heatjftig the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method 6f claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 
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1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. 

5 1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

1470. The method of claim 1455, wherein th/ produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1 471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atK>ut 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen/containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 / 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



5 1 476. The method of claim 1 455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1477. The method of claim 1455, whereiii the produced mixture comprises a non- 
10 condensable component, wherein the noi/condensable component comprises hydrogen, 
wherein the hydrogen is greater than abrfut 10 % by volume of the non-condensable 
component, and wherein the hydrogenyis less than about 80 % by volume of the non- 
condensable component. 

15 1478. The method of claim 1455, jivherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is ii^ed to produce fertilizer. 

20 

1480. The method of claiiyf 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1481 . The method of claim 1455, further comprising increasing the pressure of the 

selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarpons produced from the formation. 



1 482. The method of claim 1455, further comprising decreasing pressure of the selected 
30 section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 

5 1 484. The method of claim 1 455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, further co/nprising controlling formation conditions 
10 by recirculating a portion of hydrogen from/the mixture into the formation. 

1486. The method of claim 1455, further comprising: 
providing hydrogen (H 2 ) to the l/eated section to hydrogenate hydrocarbons 

within the section; and 
15 heating a portion of the sectioA with heat from hydrogenation. 

1487. The method of claim 1455,mirther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 



25 



1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of p majority of the selected section to greater than about 1 00 
millidarcy. 

1489. The method of clai£n 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of clkim 
30 than about 60 % by weij;! 



1455, further comprising controlling the heat to yield greater 
ht of condensable hydrocarbons, as measured by Fischer Assay. 



\ 
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1491 . The method of claim 1455. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1492. The method of claim 1455, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1493. The method of claim 1455, further comprising providing heat from three or more 

_ heat sources to at least a portion of the format/on, wherein three or more of the heat 

Jj sources are located in the formation in a uni/ of heat sources, wherein the unit of heat 

*jjf sources comprises a triangular pattern, ancy wherein a plurality of the units are repeated 

M over an area of the formation to form a repetitive pattern of units. 

% 15 

ITU 1 494. A method of treating a coal formation in situ, comprising: 

q providing heat from one or mpre heat sources to at least a portion of the 

4= formation; 

ru 

£ allowing the heat to transfe/ from the one or more heat sources to a selected 

I 55 ? 20 section of the formation; 

providing H2 to the forn^ition to produce a reducing environment in at least some 
of the formation; 

producing a mixture frbm the formation. 

25 1 495. The method of clainy 1 494, wherein the one or more heat sources comprise at 
least two heat sources, and Avherein superposition of heat from at least the two heat 
sources pyrolyzes at least fomc hydrocarbons within the selected section of the 
formation. 



30 1 496. The method of c 



dm 1494, further comprising maintaining a temperature within 



the selected section wit! in a pyrolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 



5 1498. The method of claim 1494, wherein the one or morb heat sources comprise 
electrical heaters. 



10 



1499. The method of claim 1494, wherein the/one or more heat sources comprise 
surface burners. 

1 500. The method of claim 1 494, wherei/5 the one or more heat sources comprise 
flameless distributed combustors. 



gy 



1 501. The method of claim 1 494, wl^erein the one or more heat sources comprise natural 
1 5 distributed combustors. 



q 1 502. The method of claim 1 494/ further comprising controlling a pressure and a 

Hh temperature within at least a majority of the selected section of the formation, wherein 

m I 

i; the pressure is controlled as a fjinction of temperature, or the temperature is controlled as 

™ 20 a function of pressure. 



25 



1 503. The method of claim/ 1494, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less than about 1 °C per day during 
pyrolysis. 



1 504. The method of claifm 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

volume (V) of the coal formation from the one or more heat 
ation has an average heat capacity (C v ), and wherein the heating 
drocarbons within the selected volume of the formation; and 



heating a selected 
sources, wherein the form 
30 pyrolyzes at least some hj 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



formation, p B is formation bulk density, and wherein ,the heating rate is less than about 1 0 

°C/day. / 



1 505 . The method of claim 1 494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction/ 

1 506. The method of claim 1494, whereon providing heat from the one or more heat 
sources comprises heating the selected iection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 507. The method of claim 1 494Ywherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1508. The method of claim 1A94, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons aire olefins. 

1 509. The method of claam 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1510. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conderaable hydrocarbons is nitrogen. 
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1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightyWhen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \yeight when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1494, wherein the p/oduced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
~ containing compounds comprise phenols. 

yj 

l7 1514. The method of claim 1494, whereifi the produced mixture comprises condensable 

=F 15 hydrocarbons, and wherein greater than /bout 20 % by weight of the condensable 
nj hydrocarbons are aromatic compounds/ 



Cs 



1515. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thp about 5 % by weight of the condensable 
20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1516. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le/ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1517. The method of clafm 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdin about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1518. The method oflclaim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



43 1 Conley. Rose & Tavon. P C 



wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. ^ 

/ 

1519. The method of claim 1 494, wherein the produce^ mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521. The method of claim 1 494, further comprising controlling a pressure within at 
least a majority of the selected section of th^ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494,/vherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 524. The method of claim 14j94, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 26. 



1525. The method of claiip 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 
heating a portion df the section with heat from hydrogenation. 

1 526. The method of claim 1 494, further comprising: 
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producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1527. The method of claim 1 494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thf selected section to greater than about 1 00 
millidarcy. 

1 528. The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1529. The method of claim 1494, fufther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1530. The method of claim 1494/ wherein producing the mixture comprises producing 
the mixture in a production wellyand wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method of claim Y494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1532. The method of claim 1494, further comprising providing heat from three or more 
heat sources to at least I portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the fojhnation to form a repetitive pattern of units. 

1533. A method of/treating a coal formation in situ, comprising: 
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yy 



providing heat from one or more heat sources to at least a portion of the 
formation; * 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

providing H 2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat from the hydrogenation; 
and 

controlling heating of the selected section by controlling amounts of H2 provided 
to the selected section. 

1 534. The method of claim 1 533, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witjiin the selected section of the 
formation. 

1535. The method of claim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1536. The method of claim 1533, whereip the one or more heat sources comprise 
20 electrical heaters. 

1537. The method of claim 1533, wherein the one or more heat sources comprise 
surface burners. 

25 1538. The method of claim 1533, ^herein the one or more heat sources comprise 
flameless distributed combustors. 

1 539. The method of claim 153^, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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1540. The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the tenjper^ture is controlled as 
a function of pressure. 

1541 . The method of claim 1 533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than ^bout 1 °C per day during 

pyrolysis. 



1 542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the co&l formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equaticjri: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enefrgy/day, h is an average heating rate of the 
formation, p B is formation bulk dens/ty, and wherein the heating rate is less than about 10 
°C/day. 

1 543. The method of claim 1 53y3, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 544. The method of claim 1533, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 545. The method of claim 1533, further comprising producing a mixture from the 



formation, wherein the pn 



API gravity of at least about 25° 



duced mixture comprises condensable hydrocarbons having an 
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1 546. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 1 5 % by weight of the'condensable hydrocarbons 

are olefins. 

1 547. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-cpndensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

1 548 . The method of claim 1533, further composing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whenycalculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1 549. The method of claim 1533, furthe/ comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigh^ when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen/ 

1 550. The method of claim 1 533/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is siilfur. 



1551 . The method of claim A533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to abopt 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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1 552. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensate hydrocarbons comprises multi- 
ring aromatics with more than two rings. j 

i 

1 554. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of ttye condensable hydrocarbons are 

15 asphaltenes. 

1555. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to aboiy 30 % by weight of the condensable hydrocarbons 

20 are cycloalkanes. 

1 556. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 

25 greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about&O % by volume of the non-condensable component. 

1557. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 

30 about 0.05 % by weighyof the produced mixture is ammonia. 



437 



Conley. Rose & Tayon. P C 



1 558. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

5 1 559. The method of claim 1 533, further comprising controlling a pressure within at 

least a majority of the selected section of the formation, wherein the controlled pressure 

/ 

is at least about 2.0 bar absolute. / 

/ 

1 560. The method of claim 1 533, further comprising controlling formation conditions to 
10 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

m 1561. The method of claim 1 560, wherein the partial pressure of H2 within the mixture 

^ is measured when the mixture is at a production well. 



«£ 15 



1 562. The method of claim 1 533, further comprising altering a pressure within the 
formation to inhibit production otynydrocarbons from the formation having carbon 
numbers greater than about 25. 

20 1 563. The method of claim /533, further comprising controlling formation conditions 
by recirculating a portion otfhydrogen from a produced mixture into the formation. 

1 564. The method of claam 1 533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
25 hydrogenating apportion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 565. The method of claim 1 533. wherein allowing the heat to transfer comprises 
increasing a permeatfility of a majority of the selected section to greater than about 100 

30 millidarcy. 
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1 566. The method of claim 1 533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 567. The method of claim 1 533, wherein the heating is controlled of claim 1 533. 

5 further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

1 0 sources are located in the formation in y unit of heat sources, and wherein the unit of heat 
_ sources comprises a triangular pattern/ 

yy / 
^ 1 569. The method of claim 1 533,yfurther comprising providing heat from three or more 

y= heat sources to at least a portion of the formation, wherein three or more of the heat 

J 1 5 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
f y sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

£ / 

O over an area of the formation io form a repetitive pattern of units. 

=z 1 570. An in situ method f<&r producing H 2 from a coal formation, comprising: 

O 20 providing heat froyn one or more heat sources to at least a portion of the 

formation; 

allowing the heaft to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a irtixture from the formation, wherein a H 2 partial pressure within the 
25 mixture is greater than about 0.5 bar. 

1 571 . The method of claim 1570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes/at least some hydrocarbons within the selected section of the 
30 formation. 
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1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 573. The method of claim 1 570, wherein the one or more heat sources comprise 
5 electrical heaters. 

1 574. The method of claim 1 570, wherein throne or more heat sources comprise 
surface burners. 

10 1575. The method of claim 1570, whereii/the one or more heat sources comprise 
flameless distributed combustors. 

1 576. The method of claim 1 570, whgfein the one or more heat sources comprise natural 
distributed combustors. 



=f- 15 



20 



1 577. The method of claim 1 570, norther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim ^570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 1 579. The method of cl^m 1 570, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 

sources, wherein the foipation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some/hydrocarbons within the selected volume of the formation; and 
30 wherein heating energy/day provided to the volume is equal to or less than Pwr t 

wherein Pwr is calculated by the equation: 
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Pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

5 /"' 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 

transferring heat substantially by conduction. 

1581. The method of claim 1 570, wherein/providing heat from the one or more heat 
10 sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about 0.5 W/(m °C). 



15 



1582. The method of claim 1570, wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravity /of at least about 25°. 

1583. The method of claim 1570/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 1 584. The method of claim y570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons Ranges from about 0.001 to about 0.15. 

1585. The method of clajjhi 1 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherejfn less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is nitrogen. 



30 



1586. The method of 
hydrocarbons, and whe: 
basis, of the condensab 



aim 1570, wherein the produced mixture comprises condensable 
ein less than about 1 % by weight, when calculated on an atomic 
e hydrocarbons is oxygen. 
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1 587. The method of claim 1570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1 588. The method of claim 1 570. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % bv weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 1 

10 1589. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 590. The method of claim 1 570, Avherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 591 . The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 / 

1 593. The method of claim 1 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wHerein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 595. The method of claim 1 570, wherein the produced ihixture comprises ammonia. 
5 and wherein the ammonia is used to produce fertilizer. ' 



1 596. The method of claim 1570, further comprising controlling a pressure within at 
least a majority of the selected section of the forn^ation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 597. The method of claim 1570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarjbons from the formation having carbon 
numbers greater than about 25. 



10 



15 1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the /ormation. 

1 599. The method of claim 1570yfurther comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 

20 with a portion of the hydrogen. 

1 600. The method of claim 1570, further comprising: 
providing hydrogen §H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
25 heating a portion ojf the section with heat from hydrogenation. 

1 601 . The method of cLaim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeabilitjy of a majority of the selected section to greater than about 100 
millidarcy. 

30 
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1602. The method of claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1603. The method of claim 1570, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 
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1604. The method of claim 1 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at lpast about 7 heat sources are disposed in 
the formation for each production well. 

1 605. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uny of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 606. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the ibrmation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 607. The method of claim 1 57(/, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is /at a production well. 



25 1 608. A method of treating a coal formation in situ, comprising: 

providing heat from oqle or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
30 wherein the selected section has been selected for heating using an atomic 

hydrogen weight percentag i of at least a portion of hydrocarbons in the selected section, 
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and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. ^ 

l 

1 609. The method of claim 1 608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within me selected section of the 
formation. / 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1 608, wherein tne one or more heat sources comprise 
electrical heaters. / 

1612. The method of claim 1608, wherein the one or more heat sources comprise 
surface burners. / 

1613. The method of claim 1 608, wnerein the one or more heat sources comprise 
flameless distributed combustors. / 

1614. The method of claim 1 608, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1615. The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least a/majority of the selected section of the formation, wherein 
the pressure is controlled ay a function of temperature, or the temperature is controlled as 
a function of pressure. / 
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1616. The method of claim 1 608. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



■jasr 



5 1617. The method of claim 1 608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (r) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat/capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to/the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 1 0 

15 °C/dav. 



1618. The method of claim 1 608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



£ 20 



1619. The method of claim 1 60S, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1620. The method of claim 1608, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



1621 . The method of cjfaim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1623. The method of claim 1608. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by /weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1624. The method of claim 1608, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about k % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocart/ons is sulfur. 

1626. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1627. The method of clapn 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1628. The method oj claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 629. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

5 1 630. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1631. The method of claim 1 608, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about/10 % by volume of the non-condensable 
component, and wherein the hydrogen is /less than about 80 % by volume of the non- 
condensable component. / 



15 



20 



1 632. The method of claim 1 608, wnerein the produced mixture comprises ammonia, 
and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim 4608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wjierein a partial pressure of H2 within the mixture is greater than 
about 0,5 bar. 

1636. The method of claim 1635, wherein the partial pressure of H2 within the mixture 
30 is measured when tHe mixture is at a production well. 
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1 637. The method of claim 1 608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1 638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1 639. The method of claim 1 608, further comprising: 

/ 

providing hydrogen (H2) to the he&ted section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section/with heat from hydrogenation. 



15 



1 640. The method of claim 1 608, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1 64 1 . The method of claim 1 608, wherein allowing the heat to transfer comprises 
increasing a permeability of/a majority of the selected section to greater than about 100 

20 millidarcy. 

1 642. The method of clkim 1 608, wherein allowing the heat to transfer comprises 
substantially uniformly /increasing a permeability of a majority of the selected section. 



25 1 643 . The method 01 claim 1 608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1644. The method 
the mixture in a 
the formation for 



each 



of claim 1608, wherein producing the mixture comprises producing 
production well, and wherein at least about 7 heat sources are disposed in 
production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

/ 

/ 

/ 

1 646. The method of claim 1 608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,/wherein three or more of the heat 
sources are located in the formation in a unit ofiieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repejntive pattern of units. 

1 647. A method of treating a coal formation in situ, comprising: 
providing heat from one or moye heat sources to at least a portion of the 

formation; 

allowing the heat to transfer/from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 
producing a mixture $fom the formation. 

1 648. The method of cla#n 1 647, wherein the one or more heat sources comprise at 
least two heat sources, arfd wherein superposition of heat from at least the two heat 
sources pyrolyzes at lejfcst some hydrocarbons within the selected section of the 
formation. 

1 649. The method/of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 650. The method of claim 1 647, wherein the one or more heat sources comprise 
30 electrical heaters 
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1 65 1 . The method of claim 1 647, wherein the one or more heat sources comprise 
surface burners. 



1 652. The method of claim 1 647, wherein the one or more heat sources comprise 
5 flameless distributed combustors. 

1653. The method of claim 1647, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

/ 

10 1 654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority ofythe selected section of the formation, wherein 
the pressure is controlled as a function pf temperature, or the temperature is controlled as 
a function of pressure. 

1 655. The method of claim 1647, fi/rther comprising controlling the heat such that an 
15 average heating rate of the selected ^ection is less than about 1 °C per day during 

pyrolysis. 

1 656. The method of claim 1 64jl, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

20 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
25 Pwr = h*V*C v *p B > 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatioij bulk density, and wherein the heating rate is less than about 10 
°C/day. 



30 1 657. The method of claim 1 647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



451 



Conlcv. Rose & Tayon. P C 



1658. The method of claim 1 647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1660. The method of claim 1647, wherein the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein about 0. 1 % by ^eight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 



15 



1661 . The method of claim 1 647, whj 
condensable hydrocarbons, and wher^ 
condensable hydrocarbons ranges tfom 



rein the produced mixture comprises non- 
in a molar ratio of ethene to ethane in the non- 
about 0.001 to about 0.15. 



20 



1662. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyd/ocarbons is nitrogen. 

1663. The method of clairfi 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 1 664. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



1665. The method 
hydrocarbons, wher 



f claim 1647, wherein the produced mixture comprises condensable 
in about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



15 



20 



25 



1668. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1670. The method of claim 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherei^ the hydrogen is less than about 80 % by volume of the non- 
condensable componer 

1 671 . The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater man about 0.05 % by weight of the produced mixture is ammonia. 



1672. The method Jbf claim 1647, wherein the produced mixture comprises ammonia, 
30 and wherein the aminonia is used to produce fertilizer. 
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1 673. The method of claim 1 647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. j 

1675. The method of claim 1674, wherein th4 partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production well. 

1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

15 / 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 678. The method of claim 1647, further comprising: 

20 providing hydrogen (Hi) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of taie section with heat from hydrogenation. 

1679. The method of claim 1647, further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a foortion of the produced condensable hydrocarbons with at least a 
portion of the produced/hydrogen. 

1680. The method of /claim 1647, wherein allowing the heat to transfer comprises 

30 increasing a permeability of a majority of the selected section to greater than about 1 00 
miilidarcy. 
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1 68 1 . The method of claim 1 647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

1682. The method of claim 1647, further comprisin^controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and whereinyat least about 7 heat sources are disposed in 
the formation for each production well. 



15 



1684. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



20 



1685. The method of claim 1647,/further comprising providing heat from three or more 
heat sources to at least a portion df the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating! a, coal formation in situ, comprising: 

providing heat from/one or more heat sources to at least a portion of the 
25 formation; 

allowing the heat tjb transfer from the one or more heat sources to a selected 
section of the formation; , 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocart ons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 



1 687. The method of claim 1 686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein supeiposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

10 1688. The method of claim 1686, farther comprising maintaining a temperature within 
the selected section within a pyrolVsis temperature. 



15 



1 689. The method of claim 1 686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1 .5 % 
such that a majority of the praauced mixture comprises condensable hydrocarbons. 



20 



1690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1 .4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691. The method of ylaim 1 686, wherein the one or more heat sources comprise 
electrical heaters. 



1 692. The method pf claim 1 686, wherein the one or more heat sources comprise 
25 surface burners. 



1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 694. The metho i of claim 1 686, wherein the one or more heat sources comprise natural 



distributed combu: 



tors. 
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1 695. The method of claim 1 686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur^or the temperature is controlled as 

5 a function of pressure. /' 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section /s less than about 1 °C per day during 
pyrolysis. / 

10 / 

1697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume W) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
15 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B i 

wherein Pwr is therheating energy/day, h is an average heating rate of the 
20 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. / 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 / 

1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

30 1 700. The metf od of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1 701. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 702. The method of claim 1686, wher^n the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



O 



1 0 1 703 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tlran about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 704. The method of claim 1©86. wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



1705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is sulfur. 



25 



30 



1 706. The method of cftaim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein/about 5 % by weight to about 30 % by weight of the condensable 



hydrocarbons comprise 
containing compounds 



oxygen containing compounds, and wherein the oxygen 
comprise phenols. 



1707. The method oi claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1 709. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1710. The method of claim 1686, wherein the'produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanesy 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogeiy is less than about 80 % by volume of the non- 
condensable component. 

1712. The method of claim 1 686,/wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1713. The method of claim 1 686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



30 



1714. The method of claim lfc86, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1715. The method of claim 
produce the mixture, whereufi 
about 0.5 bar. 



1686, further comprising controlling formation conditions to 
a partial pressure of H2 within the mixture is greater than 



459 



Conley. Rose & Tayon. P C 



1716. The method of claim 1715, wherein the partj^pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1717. The method of claim 1 686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 



1718. The method of claim 1 686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1719. The method of claim 1 686, tyrther compnsmg: 

providing hydrogen (H2) to/the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



20 



1 720. The method of claim F686, further comprising: 

producing hydrogen And condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1 72 1 . The method of daim 1 686, wherein allowing the heat to transfer comprises 
increasing a permeabil/ty of a majority of the selected section to greater than about 100 
millidarcy. 

1 722. The method j>f claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1723. The method 
30 than about 60 % by 



of claim 1686, further comprising controlling the heat to yield greater 
weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. /I 

5 1 725. The method of claim 1 686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat Sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1 726. The method of claim 1 686, furthey comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern7and wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 

15 / 

1 727. A method of treating a coal/formation in situ, comprising: 

providing heat from one oy more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 

20 section of the formation; / 

wherein the selected section has been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and / 

25 producing a mixture from the formation. 



30 



1 728. The method of clairr 
least two heat sources, and 
sources pyrolyzes at least s<>me 
formation. 



1727, wherein the one or more heat sources comprise at 
wherein superposition of heat from at least the two heat 
hydrocarbons within the selected section of the 
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1 729. The method of claim 1 727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



o/m 



1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 



1731. The method of claim 1 727, wherein the (^he or more heat sources comprise 
surface burners. 

10 1 732. The method of claim 1 727, wherein/fhe one or more heat sources comprise 
flameless distributed combustors. 

1 733. The method of claim 1 727, wherein the one or more heat sources comprise natural 
distributed combustors. 



1 734. The method of claim 1 727/ further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fjinction of temperature, or the temperature is controlled as 
a function of pressure. 

1 735. The method of claim 1 727, further comprising controlling the heat such that an 
average heating rate of th^ selected section is less than about 1 °C per day during 
pyrolysis. 



25 1 736. The method of claim 1 727, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selfected volume (V) of the coal formation from the one or more heat 

sources, wherein ttte formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
30 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pmt is calculated by the equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1 737. The method of claim 1 727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. ; 

/ 

1 738. The method of claim 1 727, whereinproviding heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity </f at least about 25°. 

15 

1 740. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

20 1 74 1 . The method of claim 1 ill, wherein the produced mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rctfiges from about 0.001 to about 0.15. 

1 742. The method of claim 1 727, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 743. The method of clann 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable Hydrocarbons is oxygen. 
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1 744. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing con>jx>unds, and wherein the oxygen 
containing compounds comprise phenols. / 



1 0 1 746. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than pout 20 % by weight of the condensable 
hydrocarbons are aromatic compoundsy 

1 747. The method of claim 1 727, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



1 748. The method of claim 1T27, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ieps than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes 



25 



30 



1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbqns are cycloalkanes. 

1 750. The method of/claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogeA is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1751. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 752. The method of claim 1 727, wherein the producec/mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1753. The method of claim 1 727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1 754. The method of claim 1 727, further co/nprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

15 1 755 . The method of claim 1 754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 756. The method of claim 1 727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hyarogen from the mixture into the formation. 



25 1 758. The method of claim 1 727, further comprising: 

providing hydrogen (jH 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion off the section with heat from hydrogenation. 



30 1759. The method of claim 
producing hydrogen 



1727, further comprising: 

and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1 760. The method of claim 1 727, wherein allowing^ie heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 76 1 . The method of claim 1 727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 762. The method of claim 1 727, furthej/ comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 763. The method of claim 1 727, wherein producing the mixture comprises producing 

1 5 the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 764. The method of claim 1 72//, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 765. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a nortion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 766. A method of treating a coal formation in situ, comprising: 

30 providing heaf from one or more heat sources to at least a portion of the 

formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 
5 producing a mixture from the formation. 

1 767. The method of claim 1 766, wherein the ope or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
10 formation. / 



1768. The method of claim 1 766, further /comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 5 1 769. The method of claim 1 766, wherein the one or more heat sources comprise 
electrical heaters. 

1770. The method of claim 1766,/vherein the one or more heat sources comprise 
surface burners. 

20 

1771. The method of claim 1 7^6, wherein the one or more heat sources comprise 
flameless distributed combustor 

1 772. The method of claim 1/766, wherein the one or more heat sources comprise natural 
25 distributed combustors. 



1 773. The method of claim! 1 766, further comprising controlling a pressure and a 



temperature within at least 
the pressure is controlled as 
30 a function of pressure. 



majority of the selected section of the formation, wherein 
a function of temperature, or the temperature is controlled as 



.1 
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1 774. The method of claim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



5 1 775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the co&l formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enfergy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/day. 

1 776. The method of claim 1766, wherein allowing the heat to transfer comprises 
transferring heat substantially py conduction. 

20 1 777. The method of claiirf 1 766, wherein providing heat from the one or more heat 

sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 778. The method of claim 1 766, wherein the produced mixture comprises condensable 
25 hydrocarbons having in API gravity of at least about 25°. 



30 



1779. The method 
hydrocarbons, and 
condensable hydrocbrbo: 



f claim 1766, wherein the produced mixture comprises condensable 
^herein about 0.1 % by weight to about 15 % by weight of the 
ns are olefins. 
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1780. The method of claim 1766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



5 1781. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 782. The method of claim 1 766, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1 783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

1 784. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1 785. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 

1 786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 787. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

i 

5 1 788. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 789. The method of claim 1 766, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogei/ is less than about 80 % by volume of the non- 
condensable component. 

1 5 1 790. The method of claim 1 766/ wherein the produced mixture comprises ammonia, 
and wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

1 791 . The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is ijsed to produce fertilizer. 

20 

1 792. The method of claimf 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1 793 . The method of claim 1 766, further comprising controlling formation conditions to 
produce the mixture, whprein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1 794. The method of jblaim 1 793, wherein the partial pressure of H2 within the mixture 
30 is measured when the fnixture is at a production well. 



v 
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1 795. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1 796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766, further comprising: 

/ 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the sectiorf with heat from hydrogenation. 



15 



1 798. The method of claim 1 766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion oyf the produced condensable hydrocarbons with at least a 

portion of the produced hydroge 



20 



1 799. The method of claim V766, wherein allowing the heat to transfer comprises 
increasing a permeability of ji majority of the selected section to greater than about 100 
millidarcy. 



1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



25 1801. The method of 
than about 60 % by wei 



30 



aim 1 766, further comprising controlling the heat to yield greater 
ght of condensable hydrocarbons, as measured by Fischer Assay. 



1802. The method of <: 
the mixture in a product 
the formation for each 



aim 1766, wherein producing the mixture comprises producing 
ion well, and wherein at least about 7 heat sources are disposed in 
production well. 

\ 
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1 803. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of he^t sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



10 



1 804. The method of claim 1 766, further comprising providing heat from three or more 

/ 

heat sources to at least a portion of the forn/ation, wherein three or more of the heat 
sources are located in the formation in a uAit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a Repetitive pattern of units. 



ation in situ, comprising: 

heat sources to at least a portion of the 



1 805 . A method of treating a coal fo/ 

providing heat from one or rtfore 
formation; 

15 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 

weight percentage of at least a portion of hydrocarbons in the selected section, and 

wherein at least a portion of tHe hydrocarbons in the selected section comprises an atomic 
20 oxygen weight percentage oy less than about 1 5% when measured on a dry, ash free 

basis; and 

producing a mixtur£ from the formation. 



1 806. The method of cl^im 1 805, wherein the one or more heat sources comprise at 
25 least two heat sources, ahd wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea>t some hydrocarbons within the selected section of the 



formation. 

1807. The method ofc 
30 the selected section witftin 



aim 1805, further comprising maintaining a temperature within 
a pyrolysis temperature range. 
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1 808. The method of claim 1805/ wherein the one or more heat sources comprise 
electrical heaters. 

1809. The method of claim 1805, wherein the one or more heat sources comprise 
5 surface burners. 

1810. The method of claim 1 805, wherein the one or more heat sources comprise 



flameless distributed combustors. 



/ 



10 1811. The method of claim 1 805, whe/ein the one or more heat sources comprise natural 
distributed combustors. 



15 



1812. The method of claim 1 805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



20 



1813. The method of claim/l 805, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less than about 1 °C per day during 
pyrolysis. 



25 



1814. The method of ciaim 1805, wherein providing heat from the one or more heat 
sources to at least the rortion of formation comprises: 

heating a selecpd volume (^0 of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 



pyrolyzes at least so: 



wherein heating energy/day provided to the volume is equal to or less than Pwr, 



wherein Pwr is calci 



Pwr = h*V*C v *p B 



ie hydrocarbons within the selected volume of the formation; and 



ated by the equation: 
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wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. /\ 

>\ 

1815. The method of claim 1805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction./ 



10 



1816. The method of claim 1805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



a 

-IE 

T"* 

m 



1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons arp olefins. 



1819. The method of claifn 1 805, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1821 . The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 822. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 1 823. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weighyo about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols/ 



10 1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 825. The method of claim 1805, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mulii-ring aromatics with more than two rings. 



20 



1826. The method of clajfai 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



30 



1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 828. The methofd of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



wherein the hydr 
component, and 



gen is greater than about 10 % by volume of the non-condensable 
therein the hydrogen is less than about 80 % by volume of the non- 



condensable component 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 1 

1 83 1 . The method of claim 1 805, further comprising controlling a pressure within at 

/ 

least a majority of the selected section of the formation, wherein the controlled pressure 

i 

is at least about 2.0 bar absolute. 

1 832. The method of claim 1 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial p/essure of H2 within the mixture is greater than 
about 0.5 bar. 



10 



15 1833. The method of claim 1832, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at A production well. 

1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 

20 numbers greater than about 25 j 

1 835. The method of claim/l 805, further comprising controlling formation conditions 
by recirculating a portion or hydrogen from the mixture into the formation. 

25 1836. The method of claim 1805, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion/ of the section with heat from hydrogenation. 



30 1837. The method of <flaim 1805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 

1 839. The method of claim 1805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

10 section. / 

1840. The method of claim 1805, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 1 84 1 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wel/. 

1 842. The method of claim 1805, nirther comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843 . The method of claim/l 805, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 1 844. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within} the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 



producing a mixture from the formation. 



/ 



1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
10 least two heat sources, and wherein superposit/on of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

1 846. The method of claim 1 844, furthe/ comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range 



1 847. The method of claim 1 844, wjierein the one or more heat sources comprise 
electrical heaters. 



20 1 848. The method of claim 1 84^, wherein the one or more heat sources comprise 
surface burners. 



25 



1 849. The method of claim J 844, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 850. The method of cla/m 1 844, wherein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of dlaim 1 844, further comprising controlling a pressure and a 
30 temperature within at lfeast a majority of the selected section of the formation, wherein 
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15 



the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim 1 844, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

/ 

1853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (V) of tne coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbonsywithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heatirig energy/day, h is an average heating rate of the 
formation, p s is formation bulk/density, and wherein the heating rate is less than about 1 0 
°C/day. 



n 



20 1 854. The method of claiijl 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1855. The method of clfaim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
25 a portion of the selected section is greater than about 0.5 W/(m °C). 



1 856. The method of claim 
hydrocarbons having 



;an 



1 844, wherein the produced mixture comprises condensable 
API gravity of at least about 25°. 
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1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

i 

5 1 858. The method of claim 1844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1859. The method of claim 1844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 



1 860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



25 



1861. The method of claim 1 8A4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leas than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyd/ocarbons is sulfur. 

1 862. The method of claini 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abxAit 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of cl/iim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by wejjfht of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1 865. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. / 

1866. The method of claim 1844, wherein lhe produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1 844, wherein the produced mixture comprises a non- 
condensable component, wherein the/non-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1871. The method off claim 1 844, further comprising controlling formation conditions to 
30 produce the mixture] wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 
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1 872. The method of claim 1871, wherein the partial pressure of H2 within the mixture 

is measured when the mixture is at a production well. 

1 

1 873. The method of claim 1 844, further comprising altering a pressure within the 

/ 

formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1 874. The method of claim 1 844, further/comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1 875. The method of claim 1 844, turner comprising: 

providing hydrogen (H2) to th£ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



LiL 



20 



25 



1 876. The method of claim 1 844, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability pf a majority of the selected section to greater than about 100 
millidarcy. 

1 878. The method of dlaim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly/ increasing a permeability of a majority of the selected section. 



1 879. The method of claim 1 844, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 880. The method of claim 1 844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



10 



15 



20 
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1 882. The method of claim 1844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 883. A method of treating a coal formation in situ, comprising: 
providing heat from one or^nore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of ac least a portion of hydrocarbons in the selected section, 
wherein at least a portion of/the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and 

producing a mixture from the formation. 



1 884. The method of clajim 
least two heat sources, anjd 
sources pyrolyzes at least 
formation. 



1883, wherein the one or more heat sources comprise at 
wherein superposition of heat from at least the two heat 
some hydrocarbons within the selected section of the 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



10 

Li 
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1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. 



1 888. The method of claim 1 883, wherein tfie one or more heat sources comprise 
flameless distributed combustors. / 

1 889. The method of claim 1 883, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 891 . The method of claim 1883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 892. The method of claim A 883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



1 887. The method of claim 1 883, wherein the dne or more heat sources comprise 
surface burners. / 




484 



Conlcy, Rose <fc Tayon. P C 



10 



wherein heating energy/day provided to the volume is equal to or less than Pur, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B J 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and whereip the heating rate is less than about 10 
°C/day. 

1 893. The method of claim 1883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction., 

1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 5 1 895. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 



1896. The method of claim 1883( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1898. The method of clajm 
hydrocarbons, and where 
basis, of the condensable 



1883, wherein the produced mixture comprises condensable 
n less than about 1 % by weight, when calculated on an atomic 
lydrocarbons is nitrogen. 
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1 899. The method of claim 1 883 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by ^weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 90 1 . The method of claim 1883, wherein thtf produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing impounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 903. The method of claim 1 883/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1904. The method of claim A883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1906. The method pf claim 1 883, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of £&e ncm-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 1907. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weightAof the produced mixture is ammonia. 



10 



1908. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 909. The method of claim 1 883, further comprising controlling a pressure within at 
least a majority of the selected sectioi/of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



15 1910. The method of claim 1 88a , further comprising controlling formation conditions to 
produce the mixture, wherein ^/partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1911. The method of claim 1910, wherein the partial pressure of H 2 within the mixture 
20 is measured when the mixture is at a production well. 

1912. The method ofytlaim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



1913. The method of claim 1 883, further comprising controlling formation conditions 
by recirculating I portion of hydrogen from the mixture into the formation. 



1914. The mdlhod of claim 1883, further comprising: 
30 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced cdndensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1916. The method of claim 1 883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tne selected section to greater than about 100 
millidarcy. / 

1917. The method of claim 1 883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1918. The method of claim 1883, Anther comprising controlling the heat to yield greater 
than about 60 % by weight of conaensable hydrocarbons, as measured by Fischer Assay. 

1919. The method of claim 1 883, wherein producing the mixture comprises producing 
the mixture in a production we/l, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 92 1 . The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located irJthe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources^) a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons with/n the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to/carbon ration is less than about 1.65; and 

producing a mixture from the formation. 

1923. The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1924. The method of claim 1922/ further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1925. The method of claim 1022, wherein the one or more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface burners. / 

1 927. The method of £ laim 1 922, wherein the one or more heat sources comprise 
flameless distributed oombustors. 

1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
distributed combustprs. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperaturp, or the temperature is controlled as 
a function of pressure. 

5 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section i^less than about 1 °C per day during 
pyrolysis. 

10 1 93 1 . The method of claim 1 922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has aiY average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day/provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bull/ density, and wherein the heating rate is less than about 10 
20 °C/day. 

1 932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 
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1 933. The method of cl&im 1922, wherein providing heat from the one or more heat 
sources comprises heatiig the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1934. The method 
hydrocarbons having 



of claim 1922, wherein the produced mixture comprises condensable 
4n API gravity of at least about 25°. 
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1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molai/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/). 001 to about 0.15. 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbonsAs nitrogen. 

1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thp about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is oxygen. 

1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ldss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hMarocarbons is sulfur. 



20 



1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1941 . The methocyof claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weigfcf of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1943. The method of claim 1922, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944. The method of claim 1922, wherein &e produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkatfes. 



1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
15 wherein the hydrogen is greater thai! about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1 948. The method of cflaim 1 922, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1 949. The method if claim 1 922, further comprising controlling formation conditions to 
30 produce the mixture)! wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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1950. The method of claim 1949, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



5 1 95 1 . The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons pom the formation having carbon 

numbers greater than about 25. / 

/ 
/ 

1 952. The method of claim 1 922, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 



1 953 . The method of claim 1 922, further comprising: 
providing hydrogen (H2) to th^heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the secti6n with heat from hydrogenation. 

1 954. The method of claim 1 922, further comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability cff a majority of the selected section to greater than about 100 
millidarcy. 

25 

1956. The method of claim 1 922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1957. The method of claim 1922, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. ' 



ni 



10 I960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of thrf formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to foym a repetitive pattern of units. 

15 

1 961 . A method of treating a cc/al formation in situ, comprising: 

providing heat from one/or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

wherein the selected feection has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than attout 0.025, and wherein the atomic oxygen to carbon ratio of at 
25 least a portion of the hydrocarbons in the selected section is less than about 0. 1 5 and 
producing a mixture from the formation. 
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1 962. The method of claim 1961 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^t some hydrocarbons within the selected section of the 
formation. 
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1 963 . The method of claim 1 96 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 964. The method of claim 1 96 1 , wherein the one or more heat sources comprise 
electrical heaters. 

1 965. The method of claim 1 96 1 , wherein the or/e or more heat sources comprise 
surface burners. / 

1 966. The method of claim 1 96 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1 967. The method of claim 1961 , wherein the one or more heat sources comprise natural 
distributed combustors. / 

1968. The method of claim 1961, furaier comprising controlling a pressure and a 
temperature within at least a majoritWof the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1970. The method of claim 1961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

/ 

1971. The method of claim 1 96 1 , wherein flowing the heat to transfer comprises 
transferring heat substantially by conduction 

1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 5 1 973 . The method of claim 1 96 1 , wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim 196y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
20 condensable hydrocarbons are olefins. 
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1975. The method of claim A 961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1977. The method of claim 1961, wherein the produced mb^ure comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1978. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to/about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1980. The method of claim 1961, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than ^bout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds^ 

1981 . The method of claim 1961, \\4ierein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1982. The method of claim 1961, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltene/. 

25 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 1 984. The method of daim 1 96 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. ^ 

/ 

1985. The method of claim 1 96 1 , wherein the produced mature comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 986. The method of claim 1 96 1 , wherein the produped mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1988. The method of claim 1 96 1 , furthe/ comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 1988,Avherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1990. The method of claim 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about/>5. 

1991. The method of claim 1 96 1 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claim 1 96 1 , further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 



498 



Conley. Rose & Tayon. P C 



heating a portion of the section with heat from hydrogenation. 



1 993 . The method of claim 1 96 1 , further comprising;^ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1 994. The method of claim 1 96 1 , wherein/allowing the heat to transfer comprises 
increasing a permeability of a majority ofythe selected section to greater than about 100 
millidarcy. 



15 



1 995. The method of claim 1961 , wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1997. The method of claim 1961, wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each OToduction well. 



25 



1 998. The method of claim 1 96 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are locatedAn the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1 999. The method of claim 1961, further comprising providing heat from three or more 
heat sources to /at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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2000. A method of treating a coal formation in situ, comprising 

providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from thfe one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater/than about 0.025; 

wherein the initial atomic oxygen to carbon ratio is less than about 0.15; and 

producing a mixture from me formation. 



2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, and wnerein superposition of heat from at least the two heat 

sources pyrolyzes at least sqme hydrocarbons within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

2003. The method/of claim 2000, wherein the one or more heat sources comprise 
electrical heaters. 

25 2004. The memod of claim 2000, wherein the one or more heat sources comprise 
surface burners. 



30 



2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

z 

2007. The method of claim 2000, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

2008. The method of claim 2000, further/comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2009. The method of claim 2000, Wherein providing heat from the one or more heat 
sources to at least the portion of foraiation comprises: 

heating a selected volume^ F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = h*V*C v *fi 

wherein Pwr is tMe heating energy/day, A is an average heating rate of the 
formation, p B is formatjon bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

201 0. The method off claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



201 1 . The method/of claim 2000, wherein providing heat from the one or more heat 
sources comprises neating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. / 

/ 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

20 1 5. The method of claim 2000/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

15 / 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 201 7. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensame hydrocarbons is sulfur. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

20 1 9. The methid of claim 2000, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2021 . The method of claim 2000, wherein' the produced mixture comprises condensable 
hydrocarbons, and wherein less than abojit 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 0 2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5f% by weight to about 30 % by weight of the 
condensable hydrocarbons are cyoloalkanes. 

2023. The method of claim 2000, wherein the produced mixture comprises a non- 
1 5 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th^/hydrogen is less than about 80 % by volume of the non- 
condensable component. 

20 2024. The method of clixm 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



2025. The method of/claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammbnia is used to produce fertilizer. 

2026. The method Jof claim 2000, further comprising controlling a pressure within at 
least a majority of me selected section of the formation, wherein the controlled pressure 
is at least about 2.Q bar absolute. 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

5 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 0 numbers greater than about 25 . 



m 



2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen frafai the mixture into the formation. 



15 203 1 . The method of claim 2000, further comprising: 

providing hydrogen (H 2 ) to th^ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

20 2032. The method of claim 200O, further comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

25 2033. The method of claim 2000, wherein allowing the heat to transfer comprises 

increasing a permeability ff a majority of the selected section to greater than about 1 00 
millidarcy. 



2034. The method of cflaim 2000, wherein allowing the heat to transfer further 
30 comprises substantial^ uniformly increasing a permeability of a majority of the selected 
section. 
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2035. The method of claim 2000, further Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2037. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of tne formation, wherein three or more of the heat 
sources are located in the formationlin a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattejrn. 

2038. The method of claim 20007 further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to jiorm a repetitive pattern of units. 

2039. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using a moisture 
content in the selected sectidn, and wherein at least a portion of the selected section 
comprises a moisture content of less than about 15%; and 

producing a mixture from the formation. 

2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of tli 
formation. 

2041 . The method of claim 2039, further comprising maintaining a terj?fperature within 
5 the selected section within a pyrolysis temperature range. 

2042. The method of claim 2039, wherein the one or more p£al sources comprise 
electrical heaters. 

10 2043. The method of claim 2039, wherein the one^r more heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 

2045. The method of claim 20^,9', wherein the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of cfaim 2039, further comprising controlling a pressure and a 
20 temperature within ai least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2047. 'Die method of claim 2039, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



Z048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or morehpatr 01 ^ 
sources, wherein the formation has an average heat capacity (C v ), ami^hSfein the heating 
pyrolyzes at least some hydrocarbons within the selecjgd*5tTlume of the formation; and 

wherein heating energy/day provi^^f^the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thg-^Juation: 

whereio^r is the heating energy/day, h is an average heating rate of the 
formatiop^s is formation bulk density, and wherein the heating rate is less than about 10 

2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greate/than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 2039, wherein the produced mi^tife comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight toafemit 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

2053. The method of claim 2039^nerein the produced mixture comprises non- 
condensable hydrocarbons, ajadwherein a molar ratio of ethene to ethane in the non- 
condensable hydrocar^is ranges from about 0.001 to about 0.15. 

2054. Th^rfethod of claim 2039, wherein the produced mixture comprises condensable 
hydroc^Dons, and wherein less than about 1 % by weight, when calculated on an atomic 
ba?re, of the condensable hydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensat 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcined on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30*% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 5 2058. The method of claim 2039, whereip the produced mixture comprises condensable 
hydrocarbons, and wherein greater thap^bout 20 % by weight of the condensable 
hydrocarbons are aromatic compougas. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein/fess than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 



25 



2060. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



2061. /The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2062. The method of claim 2039, wherein the produced njixture comprises a non- 
condensable component, wherein the non-conderisaNe component comprises hydrogen, 
wherein the hydrogen is greater than abpuf^O % by volume of the non-condensable 
component, and wherein the h^jbdgen is less than about 80 % by volume of the non- 
condensable component 

2063. The method of claim 2039, wherein the produced mixture comprisesgj^RiyfSa! 
and wherein greater than about 0.05 % by wei ght oflh e-Bfeduced mixture is ammonia. 

2064. Themgfttfd'of :laim 2039, wherein the produced mixture comprises ammonia, 
apd*#nerein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected sectionpfthe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute^ 

2066. The method of claim 2039, further comprising controlling formation conditions^ 
produce the mixture, wherein a partial pressure of H2 within the mixture is grejjtefthan 
about 0.5 bar. ^^^^ 

2067. The method of claim 2066, wherein then^fffiS pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2068. The method opstfum 2039, further comprising altering a pressure within the 
formation tojaKfoit production of hydrocarbons from the formation having carbon 
numfeefsgreater than about 25. 

2069. Thentethoiofclaim 2039, further comprising controlling formation conditions 
by recirculating a portion offiyareggn from the mixture into the formation. 



2070. The method of claipi 2039, further comprising: 
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providing hydrogen (H2) to the heated^section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section^th heat from hydrogenation. 

2071 . The method of claim 2039, furthe^omprising: 

producing hydrogen and condejfsable hydrocarbons from the formation; and 
hydrogenating a portion of ^ne produced condensable hydrocarbons with at least a 

portion of the produced hydroge 




=S 15 



2072. The method of claim 2039, wherein allowing^die heat to transfer comprises 
increasing a permeability of a majority of th^s^Iected section to greater than about 100 
millidarcy. 

2073. The method opztmm 2039, wherein allowing the heat to transfer further 
comprises subsjarftially uniformly increasing a permeability of a majority of the selected 
section. 




25 



2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as/neasured by Fischer Assay. 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at jdast about 7 heat sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a port/on of the formation, wherein three or more of the heat 
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sources are located in the formation in a umref/heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fon^a repetitive pattern of units. 

2078. A method of treating k coal formation in situ, comprising: 
providing heat from/one or more heat sources to a selected section of the 

formation; 

allowing the hea/ to transfer from the one or more heat sources to the selected 
section of the formation; 

wherein at leafct a portion of the selected section has an initial moisture content of 
less than about 15%; and 

producing A mixture from the formation. 

2079. The method of claim 2078, wherein the one or more heat sources comprise^ 
least two heat sources, and wherein superposition of heat from at least the tweiieat 
sources pyrolyzes at least some hydrocarbons within the selected sectigi^of the 
formation. 

2080. The method of claim 2078, further comprising^rimntaining a temperature within 
the selected section within a pyrolysis temperature range. 

208 1 . The method of claim 2078, \yherein the one or more heat sources comprise 
electrical heaters. 

2082. The metho^df claim 2078, wherein the one or more heat sources comprise 
surface burner 



2083/The method of claim 2078, wherein the one or more heat sources comprise 
leless distributed combustors. 
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2084. The method of claim 2078, wherein the one or more heat sources comprise nature 
distributed combustors. 

2085. The method of claim 2078, further comprising controlling a pressure arfci a 
5 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperaprfre is controlled as 
a function of pressure. 

2086. The method of claim 2078, further comprising contfolling the heat such that an 
10 average heating rate of the selected section is less tharyabout 1 °C per day during 

pyrolysis. 



2087. The method of claim 2078, wherenrproviding heat from the one or more heat 
sources to at least the portion of formation comprises: 
15 heating a selected volume^r) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heatkig energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is osculated by the equation: 
□ 20 Pwr/h*V*C*p B 

lerein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
./day. 



2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherein ppcfviding heat from the one or more heat 
sources comprises heating the selected seeuon such that a thermal conductivity of at least 

30 a portion of the selected section is gremer than about 0.5 W/(m °C). 
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2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

209 L The method of claim 2078, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to about l/% by weight of the 
condensable hydrocarbons are olefins. / 

2092. The method of claim 2078, wherein the producea mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio^f ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.00 mo about 0.15. 

2093. The method of claim 2078, wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Yo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

15 / 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 2095. The method of claim 20^8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lep than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hwocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
25 hydrocarbons, whereinrabout 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
30 hydrocarbons/and wherein greater than about 20 % by weight of the condensable 

hydrocarbon! are aromatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensate 
hydrocarbons, and wherein less than about 5 % by weight of the condensaijk^^^ 
hydrocarbons comprises multi-ring aromatics with more thanjA#e*fmgs. 

2099. The method of claim 2078, whgp©fff?he produced mixture comprises condensable 
hydrocarbons, and wherein Igp&tfian about 0.3 % by weight of the condensable 
hydrocarbons are asgkdtenes. 

2 1 00. T^emethod of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101. The method of claim 2078, whereirvtfie produced mixture comprises a non- 
condensable component, wherein th^rion-condensable component comprises hydrogen, 
wherein the hydrogen is greateptfian about 10 % by volume of the non-condensable 
component, and wherein ^hydrogen is less ; than about 80 % by volume of the non- 
condensable componej; 

2102. The method of claim 2078, wherein the Moduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by wey^nt of the produced mixture is ammonia. 

2103. The method of claim 2078, wher^n the produced mixture comprises ammonia, 
and wherein the ammonia is used to oroduce fertilizer. 



2 1 04. The method of claim 2078, fujtner comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute: 



Conlcy. Rose & Tayon. P C. 



2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Fh within ^ne mixture is greater than 
about 0.5 bar. 

2106. The method of claim 2105, wherein th^Srtial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2107. The method of claim 2078, father comprising altering a pressure within the 
formation to inhibit production o^nydrocarbons from the formation having carbon 
numbers greater than about 25j 

2108. The method of cla^m 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2 1 09. The method of claim 2078, further comjtfrising: 
providing hydrogen (H2) to the he^d section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 2078, furthe^comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion o^me produced condensable hydrocarbons with at least a 

portion of the produced hydrog 

2111. The method of claim 2078, wherein allowingjhtflieat to transfer comprises 
increasing a permeability of a majority of th^sdected section to greater than about 100 
millidarcy. 



2112. The method ofHflaim 2078, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



5 2114. The method of claim 2078, wherein producing the mixture comprises produc^rtg 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, whercklthree or more of the heat 

sources are located in the formation in a unit of he^sources, and wherein the unit of heat 
sources comprises a triangular pattern. X 

2116, The method of claim 2078, firmer comprising providing heat from three or more 
15 heat sources to at least a portion ofthe formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2117. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 
25 wherein the selected section is heated in a reducing environment during at least a 

portion ofthe time that the selected section is being heated; and 
producing a mixture/from the formation. 

2118. The method of clafm 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2119. The method of claim 2117, further ^comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2 1 20. The method of claim 2117, wherpn the one or more heat sources comprise 
electrical heaters. 



10 2121. The method of claim 2117, wherein the one or more heat sources comprise 
surface burners. 

2 1 22. The method of claim 2117, wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 

2123. The method of claim 21 17,/wherein the one or more heat sources comprise natural 
distributed combustors. 

2124. The method of claim 21 lfr, further comprising controlling a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2 1 25. The method of claim 21 1 7, further comprising controlling the heat such that an 



25 average heating rate of the se 
pyrolysis. 



2 1 26. The method of claim 
sources to at least the portionlof 



:cted section is less than about 1 °C per day during 



117, wherein providing heat from the one or more heat 
formation comprises: 
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heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided tp the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

p wr = h *y* Cv + pB 

wherein Pwr is the heating energy/dfay, h is an average heating rate of the 
formation, p B is formation bulk density, ar/d wherein the heating rate is less than about 1 0 
°C/day. 

2127. The method of claim 2117, whdrein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2 128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section i^greater than about 0.5 W/(m °C). 

2129. The method of claim 21 il y wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim/2 1 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. The method o 
hydrocarbons, and wherein 
basis, of the condensable 



claim 2117, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
hydrocarbons is nitrogen. 



1 



518 



Conlcy. Rose & Tayon. P C 



2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 

2134. The method of claim 2117, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons iy sulfur. 

10 2135. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pl/enols. 

15 2136. The method of claim 2 1 1 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim k 1 1 7, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein /ess than about 5 % by weight of the condensable 
hydrocarbons comprises rr^ulti-ring aromatics with more than two rings. 



25 



2138. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wheijein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphafltenes. 
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2139. The method o 
hydrocarbons, and wrjerein 
condensable hydrocaf bons 



claim 2117, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
are cycloalkanes. 
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2 1 40. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 ^<rby volume of the non- 

5 condensable component. /' 

2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

10 2 1 42. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



+= 15 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section ofythe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



H= 20 



2144. The method of claim 2117, fyhher comprising controlling formation conditions to 
produce the mixture, wherein a parjial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2 IMA, wherein the partial pressure of H2 within the mixture 
is measured when the mixture/is at a production well. 



2 1 46. The method of claim 2117, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



2147. The method of claim 2117, further comprising controlling formation conditions 
by recirculating a portioA of hydrogen from the mixture into the formation. 



2148. The method of c 



aim 2117, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



5 2149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producedycondensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2150. The method of claim 2117, whereii/allowing the heat to transfer comprises 

increasing a permeability of a majority 0/ the selected section to greater than about 100 
millidarcy. 

2151. The method of claim 2117, ^herein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2 LI 7, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2117, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises af triangular pattern. 



2155. The method of claim 2117, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 



2 1 56. A method of treating a coal formation in situ, comprising; 
heating a first section of the formation to produc^a mixture from the formation; 
heating a second section of the formation; and, 

recirculating a portion of the produced mixtjkfre from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2 1 57. The method of claim 2 1 56, furthe/comprising maintaining a temperature within 
the first section or the second section wtfthin a pyrolysis temperature range. 



2158. The method of claim 2 1 56, wherein heating the first or the second section 
1 5 comprises heating with an electrical heater. 

21 59. The method of claim 24 56, wherein heating the first or the second section 
comprises heating with a surface burner. 

20 2 1 60. The method of clAim 2 1 56, wherein heating the first or the second section 
comprises heating withf a flameless distributed combustor. 

2161. The methoa of claim 2 1 56, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 

25 / 

2 1 62. The method of claim 2 1 56, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the/pressure is controlled as a function of temperature, or the temperature is 
controlled /as a function of pressure. 

30 
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2 1 63. The method of claim 2 1 56, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 



2 1 64. The method of claim 2 1 56, wherein heatiij^ the first or the second section 
composes: 

heating a selected volume (F) of th/ coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 
10 wherein heating energy/day ^provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the /quation: 
Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p a is formation byulk density, and wherein the heating rate is less than about 10 
15 °C/day. 



fU 



2165. The method of tlaim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 



20 2 1 66. The method of claim 2 1 56, wherein heating the first or the second section 

comprises heating the first or the second section such that a thermal conductivity of at 
least a portion 6f the first or the second section is greater than about 0.5 W/(m °C). 

2 1 67. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



2168. THe method of claim 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condense ble hvdrocarbons are olefins. 



523 CorUey. Rose & Tavon. P C 



2169. The method of claim 2156, wherein the produced mikture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 



2 1 70. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen. 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2173. The method of claim 2 1 56. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2 1 74. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiA greater than about 20 % by weight of the condensable 
hydrocarbons are aromati'c compounds. 

2 1 75. The method of claim 21 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherfein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2177. The method of claim 2156, wherein the pvod/ceh mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight t/aboiit 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2 1 78. The method of claim 2 1 56, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen /s less than about 80 % by volume of the non- 
condensable component. 

2179. The method of claim 2 1 56, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

21 80. The method of claim 2Ld6, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is u$ed to produce fertilizer. 

2181. The method of claim 2 1 56, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about £.0 bar absolute. 

2 1 82. The method of claim 2 1 56, further comprising controlling formation conditions to 
produce the mixture, yherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2183. The method 
is measured when thi 



f claim 2182, wherein the partial pressure of H2 within the mixture 
mixture is at a production well. 



525 



Conlev Rose £ Tayon. P C 



21 84. The method of claim 2156, further comprising altering' a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

I 

2185. The method of claim 2156, further comprising: 
providing hydrogen (H 2 ) to the first or second section to hydrogenate 

hydrocarbons within the first or second section; And 

heating a portion of the first or second section with heat from hydrogenation. 

2186. The method of claim 2156, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2187. The method of claim 2 1 56, wherein heating the first or the second section 
comprises increasing a permeabilityof a majority of the first or the second section to 
greater than about 100 millidarcy. j 

2188. The method of claim 2 1 56, wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 

2 1 89. The method of claim 2 1 56, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2 1 90. The method of claim 2156. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacWproduction well. 

2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2 1 92. The method of claim 2 1 56, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2 1 93. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such thai a permeability of at least a portion of the selected 
section increases to greater than about 100 millidarcy. 

2 1 94. The method of claimyz 1 93, wherein the one or more heat sources comprise at 
least two heat sources, and /wherein superposition of heat from at least the two heat 
sources pyrolyzes at leastysome hydrocarbons within the selected section of the 
formation. / 

2195. The method off claim 2 1 93, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2 1 96. The method of claim 2 1 93, wherein the one or more heat sources comprise 
electrical heaters/ 

2 1 97. The method of claim 2 1 93, wherein the one or more heat sources comprise 
surface burner*. 
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2198. The method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

/ 

2199. The method of claim 2193, wherein the one or more heat sources comprise natural 

distributed combustors. j 

I 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tempe/ature, or the temperature is controlled as 
a function of pressure. 

2201. The method of claim 2193, further Comprising controlling the heat such that an 
average heating rate of the selected sectiOyA is less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193, wfcerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/ V) of the coal formation from the one or more heat 
sources, wherein the formation Mas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated tjy the equation: 

Pwr — h*V*C v *p B i 

wherein Pwr is thfe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2203. The method^f claim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5^W/(m °C). 

2205. The method of claim 2193, further comprising producing a mixture from the 

/ 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about p % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193, fqfther comprising producing a mixture from the 
formation, wherein the produced mature comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene toyethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2208. The method of claim ^93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of cjfaim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than aboui 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method o 
formation, wherein tHe 



claim 2193, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



22 1 1 . The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



03 
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10 2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weigly of the condensable hydrocarbons are aromatic 
compounds. 

15 2213. The method of claim 2193, father comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



f 3 



20 2214. The method of claim/2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about jj.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



25 2215. The method of claim 2193, further comprising producing a mixture from the 
formation, whereinAhe produced mixture comprises condensable hydrocarbons, and 
wherein about 5 °/<j by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. j 



30 2216. The met 
formation, wherein 



od of claim 2193, further comprising producing a mixture from the 
the produced mixture comprises a non-condensable component, 
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wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



5 2217. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture/is ammonia. 



2218. The method of claim 2193, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



15 



2219. The method of claim 2193, fiii/her comprising controlling a pressure within at 
least a majority of the selected sectiqfi of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the foijmation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2221 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 



25 2222. The method of claim 2 1 93 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 



from the mixture 



into the formation. 
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2224. The method of claim 2193, further comprising: ^ 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2226. The method of claim 2 193, further comprising increasing a permeability of a 
majority of the selected section to greater pan about 5 Darcy. 

2227. The method of claim 2193, whe/ein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2 193 /further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2229. The method of claim lj\ 93, further comprising producing a mixture in a 
production well, wherein at feast about 7 heat sources are disposed in the formation for 
each production well. / 

2230. The method of cl/aim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in me formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

223 1 . The method pf claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

/ 

2232. A method of treating a coal formation in situ, cgmprising: 
providing heat from one or more heat sources/xo at least a portion of the 

formation; and 

allowing the heat to transfer from the one/6r more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 

2233. The method of claim 2232, wherem the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydro/arbons within the selected section of the 
formation. 

2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyi/olysis temperature range. 

2235. The method of clairry2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method of c/aim 2232, wherein the one or more heat sources comprise 
surface burners. 

2237. The method ©f claim 2232, wherein the one or more heat sources comprise 
flameless distributqu combustors. 



2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

224 1 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (10 of the coal formation from the one or more heat 
sources, wherein the formation has an/average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/ within the selected volume of the formation; and 

wherein heating energy/dayyprovided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2242. The method of claiyh 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2244. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



10 



2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



15 



2247. The method of claim 2232, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



20 



2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein less than about 1 °/<f by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons/is oxygen. 



2249. The method of cljtim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about/ 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 



250. The method of claim 2232, further comprising producing a mixture from the 



formation, wherein t 
about 5 % by weight 



produced mixture comprises condensable hydrocarbons, wherein 
to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixturetomprises condensable hydrocarbons, and 
wherein less than about 5 % by weight <jf the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ring 

2253. The method of claim 2232, ftirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by ^freight of the condensable hydrocarbons are 
asphaltenes. 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 °/o by volume of the non-condensable component and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2256. The method cff claim 2232, further comprising producing a mixture from the 
formation, wherein tile produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 

) 

is used to produce fertilizer. / 

2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of theyformation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2259. The method of claim 2232, furthe/ comprising controlling formation conditions to 
produce a mixture from the formation, \yherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2260. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2261 . The method of claim 223y£, further comprising altering a pressure within the 
formation to inhibit production/)f hydrocarbons from the formation having carbon 
numbers greater than about 25/ 

2262. The method of clainy 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of claim 2232, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2264. The method off claim 2232, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/' 

/ 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by Fischer Assay. 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least abouy7 heat sources are disposed in the formation for 
each production well. / 

2268. The method of claim 2232,/nirther comprising providing heat from three or more 
heat sources to at least a portion af the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2269. The method of claim£232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method of treating a coal formation in situ, comprising: 
providing heaf from one or more heat sources to at least a portion of the 

formation; and / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

5 formation. 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

10 2273. The method of claim 2270, wherein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. 

15 

2275. The method of claim 22 JO, wherein the one or more heat sources comprise 
flameless distributed combustars. 

2276. The method of claim/2270, wherein the one or more heat sources comprise natural 
20 distributed combustors. 



25 



30 



2277. The method of clam 2270, further comprising controlling a pressure and a 
temperature within at leajst a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2278. The method of 
average heating rate of the 
pyrolysis. 



aim 2270, further comprising controlling the heat such that an 
selected section is less than about 1 °C per day during 
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2279. The method of claim 2270, wherein providing heat frqpi the one or more heat 
sources to at least the portion of formation comprises: 



heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
5 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the yolume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day M is an average heating rate of the 
10 formation, p B is formation bulk density, and ^herein the heating rate is less than about 1 0 

°C/day. 

2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 

228 1 . The method of claim 2270, ^herein providing heat from the one or more heat 

s / 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 2282. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least aboult 25°. 

2283. The method of claim 2270, further comprising producing a mixture from the 
25 formation, wherein the^roduced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % py weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The method of claim 2270, further comprising producing a mixture from the 
30 formation, whereili the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wpen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, furfoer comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by wej/ght, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulf 

2288. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to aboi/t 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2289. The method of <ftaim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than/about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



541 



Conie> . Rose & Tayon. P C 



wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbohs, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 



2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume c/f the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the/selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2297. The method of claim 2270. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

2299. The method of claim 2 1 93 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

hrer comprising producing a mixture from the 
►nditions by recirculating a portion of hydrogen 

2301. The method of claim 2270/ further comprising: 

providing hydrogen (H 2 )yto the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2302. The method of claiifi 2270, further comprising: 

producing hydrogep and condensable hydrocarbons from the formation; and 
hydrogenating a oprtion of the produced condensable hydrocarbons with at least a 
portion of the produced Hydrogen. 

2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



2300. The method of claim 2193, 
formation and controlling formation c^ 
from the mixture into the formation. , 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

A 

2305. The method of claim 2270, further comprising. controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well and wherein at least about 7 heAt sources are disposed in the formation 
for each production well. / 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uhit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2309. A method of treating a/coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: / 

allowing the heat tcy transfer from the one or more heat sources to a selected 
section of the formation; afod 

controlling the heit to yield at least about 15 % by weight of a total organic 
carbon content of at least some of the coal formation into condensable hydrocarbons. 

23 1 0. The method of /claim 2309, wherein the one or more heat sources comprise at 
least two heat sources', and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2311. The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 1 2. The method of claim 2309, wherein the one or more heat sources comprise 
electrical heaters. / 

23 1 3. The method of claim 2309, wherein the one or more heat sources comprise 
surface burners. / 

23 1 4. The method of claim 2309, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

23 1 5. The method of claim 2309, wherein the one or more heat sources comprise natural 
distributed combustors. / 

23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a/majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

23 1 8. The method of claim 2309, wherein providing heat from the one or more heat - 
sources to at least ttte portion of formation comprises: 
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10 



15 



heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pvTolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein ?ur is calculated by the equation: 

p wr = h * v * Cy * pB 

wherein Pwr is the heating energy/day,//* is an average heating rate of the 
formation, p B is formation bulk density, and Wherein the heating rate is less than about 10 
°C/day. 

23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is gyeater than about 0.5 W/(m °C). 



20 



2321 . The method of claim 230% further comprising producing a mixture from the 
formation, wherein the produce<ymixture comprises condensable hydrocarbons having an 
API gravity of at least about 25/. 



25 



2322. The method of claim £309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 



30 



2323. The method of cl^im 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio oflethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0. 1 5. 
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2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 2309, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hvdrocarbons, and 

/ 

wherein less than about 1 % by weight, \yhen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulf 

2327. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to aboutflO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



w herein greater than abo 
compounds. 



it 20 % by weight of the condensable hydrocarbons are aromatic 



2329, The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the f roduced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with moie than two rings. 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 



asphaltenes. 



233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 °//by weight of the condensable hydrocarbons 
are cycloalkanes. 



2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volumfe of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 



is greater than 



about 0.5 bar. 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

1 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

10 2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

2340. The method of claim 2309, further comprising: 

1 5 providing hydrogen (H2) to theiieated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2341. The method of claim 2309; further comprising: 

20 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portioiyof the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2342. The method of clainy2309, wherein allowing the heat to transfer comprises 

25 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

30 / 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons/ as measured by Fischer Assay. 

/ 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about 7 ljfeat sources are disposed in the formation 
for each production well. 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a i^hit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of th* formation, wherein three or more of the heat 
sources are located in the formation In a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a coal formation in situ, comprising: 
providing heat from on^ or more heat sources to at least a portion of the 

formation; 

allowing the heat to tijknsfer from the one or more heat sources to a selected 
section of the formation; anc 

controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured/bv Fischer Assav. 



2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, anfl wherein superposition of heat from at least the two heat 
sources pyrolyzes at least/ some hydrocarbons within the selected section of the 
formation. 



\ 



550 



Coniey Rose & Tayon. P C 



2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



235 1 . The method of claim 2348, wherein the one orihor; heat sources comprise 
electrical heaters. 

2352. The method of claim 2348, wherein the one or more heat sources comprise 
surface burners. 



10 2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. 



15 



20 



2355. The method of claim 2348, farther comprising controlling a pressure and a 
temperature within at least a majoriry of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2356. The method of claim 2i48, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 



2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 
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Pwr = h*V*C*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 

/ 

/ 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 



15 



2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mix^ire comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2361 . The method of claim 234&( further comprising producing a mixture from the 
formation, wherein the producer mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weighyto about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2362. The method of claijn 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio ofvethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to abAut 0.1 5. 



30 



2363. The method od claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

/ 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when/calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

10 / 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % bwweight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

15 phenols. / 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20/% by weight of the condensable hydrocarbons are aromatic 

20 compounds. / 

2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about i % by weight of the condensable hydrocarbons comprises multi- 

25 ring aromatics with mone than two rings. 

2369. The method of/claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

30 asphaltenes. 
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2370. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. / 



10 



2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the norf-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



15 



2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produceja mixture is ammonia. 

2373. The method of claim 2348, fifrther comprising producing a mixture from the 
formation, wherein the produced mature comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



20 2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolut 

2375. The method of claim 2348, further comprising controlling formation conditions to 
25 produce a mixture from the formation, wherein a partial pressure of H: within the mixture 
is greater than about 0.5 bar. 



30 



2376. The method of clai 
formation, wherein the 
mixture is at a production vfell 



part al 



2348, further comprising producing a mixture from the 
pressure of H2 within the mixture is measured when the 



\ 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2378. The method of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



^prising: 



2379. The method of claim 2348, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 2348, fumier comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tpe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen./ 

2381. The method of claim 23A8, wherein allowing the heat to transfer comprises 
increasing a permeability of a/majority of the selected section to greater than about 100 
millidarcy. 

2382. The method of claiin 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of cjfaim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2384. The method ofl claim 2348, further comprising providing heat from three or more 
heat sources to at leatft a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce asecond mixture from the formation: and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 23/86, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claimr 2386, wherein heating the first section or heating the second 
section comprises heating ^vith an electrical heater. 

2389. The method of cl; 
section comprises heatinj 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391 . The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 



2386, wherein heating the first section or heating the second 
with a surface burner. 
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2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. jl \ 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. / 

2394. The method of claim 2386Ywherein heating the first section or heating the second 
section comprises: / 

heating a selected volume (F) of the coal formation from one or more heat 
sources, wherein the formatiory has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pmt is calculated by the equation: 

Pmt = h*V*C v *pB / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method/of claim 2386, wherein heating the first section or heating the second 
section comprises Seating the formation such that a thermal conductivity of at least a 
portion of the first lor second section, respectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 
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2398. The method of claim 2386, wherein the first or second mixture comprises 



2399. The method of claim 2386, wherein the first /or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein lessythan about 1 % by weight, when calculated 
on an atomic basis, of the condensable hyd/ocarbons is nitrogen. 

2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The method of claim 2386,/wherein the first or second mixture comprises 
condensable hydrocarbons, and Wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compojinds comprise phenols. 

2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocaroons are aromatic compounds. 




/ 
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2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenp. 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons areycycloalkanes. 

2408. The method of claim 23/86, wherein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 1 0 % by volume of the non- 
condensable component anp wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of the first or second mixture 
is ammonia. 

2410. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wnerein the ammonia is used to produce fertilizer. 



241 1 . The method of claim 2386, further comprising controlling a pressure within at 



least a majorin 



of the first or second section of the formation, wherein the controlled 



pressure is at least about 2.0 bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of within the first or 
second mixture is greater than about 0.5 bar. 

2413. The method of claim 2386, wherein a partial pressure of Wi within the first or 
second mixture is measured when the first or second mixture is at a production well. 



2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocaroons from the formation having carbon 
numbers greater than about 25. 

24 1 5. The method of claim 2386, fu^her comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

24 16. The method of claim 2386, further comprising: 

providing hydrogen (H^ to the first or second section to hydrogenate 
hydrocarbons within the first 6r second section, respectively; and 

heating a portion of yic first or second section, respectively, with heat from 
hydrogenation. 

241 7. The method of c&im 2386, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatinga portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



241 8. The method /of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 
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241 9. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % fyy weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the first or/second section, respectively. 



2421 . The method of claim 2386, wherein producing the first or second mixture 

10 comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2423. The method of claim 23 a6, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a coal formation in situ, comprising: 

25 providing heat fipm one or more heat sources to at least a portion of the 

formation; 

allowing the hefat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells. 
30 wherein the heating its controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

2425. The method of claim 2424, wherein the one or more heat sources comprise at 

least two heat sources, and wherein superposition of heat from at least the two heat 

h 

sources pyrolyzes at least some hydrocarbons withinAhe selected section of the 
formation. / 

2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. / 

2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. / 

2429. The method of claim 2424/ wherein the one or more heat sources comprise 
flameless distributed combustorss 

2430. The method of claim 2424, wherein the one or more heat sources comprise natural 
distributed combustors. 

2431. The method of cl 
temperature within at lea 
the pressure is controlled 
a function of pressure. / 

2432. The method of claim 2424, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2424, further comprising controlling a pressure and a 
a majority of the selected section of the formation, wherein 
fas a function of temperature, or the temperature is controlled as 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises^ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average l/eat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within me selected volume of the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation/ 

Pwr = h*V*C v *pB 

wherein Pwr is the heating eney^y/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
1 5 transferring heat substantially by conduction. 

2435. The method of claim £424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 / 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having aw API gravity of at least about 25°. 



30 



2437. The method 6f claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2438. The method of claim 2424, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2439. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/oy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

244 1 . The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % my weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2443. The method of claim £424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatia compounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2445. The method/of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



\ 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less man about 80 % by volume of the non- 
condensable component. / 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % iy weight of the produced mixture is ammonia. 

2449. The method of claim 2424, Wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected/section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

245 1 . The method of claifa 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

2452. The method offclaim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method Jof claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater tWan about 25. 
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2454. The method of claim 2424. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424, further comprising: 
5 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with he4t from hydrogenation. 

2456. The method of claim 2424, further comprising: 
10 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2457. The method of claim 2424, wfierein allowing the heat to transfer comprises 
15 increasing a permeability of a majopty of the selected section to greater than about 100 

millidarcy. 

2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in me formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2461 . The method of claim 2424, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located an the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2462. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more heat sources ^re disposed within one or more first 
wells; 

allowing the heat to transfer from the ^ne or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more second wells, 
w herein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claim 2462 ? wherein the first purpose comprises removing w ater 
from the formation, and wherein ttye second purpose comprises providing heat to the 
formation. 

2464. The method of claim 2462. wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein ttfe second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the one or more heat sources comprise 
electrical heaters. 

2468. The methoq of claim 2462, wherein the one or more heat sources comprise 
surface burners. 
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2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. 

t t i 

2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
distributed combustors. 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the/selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

rther comprising controlling the heat such that an 
fction is less than about 1 .0 0 C per day during 

2473. The method of claim 2462f, wherein providing heat from the one or more heat 
sources to at least the portion otfthe formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *J B 

wherein Pwr is ythe heating energy/day, h is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

2474. The method of claim 2462, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2472. The method of claim 2462, ft 
average heating rate of the selected s< 
pyrolysis. / 
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2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least a)3out 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 



10 



2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 



25 



2478. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method pf claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, andywherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbonsjwherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons/comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2482. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings 

/ 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ^bout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

10 2485. The method of claim 2462; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboux 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2486. The method of claim 2462, wherein the produced mixture comprises a non- 
15 condensable component, Wnerein the non-condensable component comprises hydrogen, 
w herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereiri the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

20 2487. The method/of claim 2462, wherein the produced mixture comprises ammonia, 
and w herein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2489. The 
least a majority 
is at least about 



metjhod of claim 2462, ftirther comprising controlling a pressure within at 
of the selected section of the formation, wherein the controlled pressure 
2.0 bar absolute. 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H : 
within the mixture is greater than about 0.5 h4r. 

249 1 . The method of claim 2490, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2493. The method of claim 246a further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

2494. The method of claim 2462, further comprising: 
providing hydrogen ^H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of olaim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. f 



2497. The method of 
substantially uniformly 



laim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 



\ 
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2498. The method of claim 2462. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462, wherein producinsmie mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitM heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2501 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming neater wells in a coal formation, comprising: 
forming a first wellbore in the formation; 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a/portion of the formation. 

2503. The method of claim 2502, wherein superposition of heat from the at least one 
heating mechanism witpin the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes at least some hydrocarbons within a selected 
section of the formation. 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 



2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
heaters. /.' 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. / 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. / 

2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. / 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

2510. The method of claim 2S02, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbpns is less than about 1 °C per day during pyrolysis. 

2511. The method of claim 2502, further comprising: 

heating a selectecy volume (V) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (G), and wherein the heating 
pvrolyzes at least some/hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pw is calculated by the equation: 



Pur = h*V%*p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

25 12. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. / 

2513. The method of claim 2502, fluther comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation greater than about 0.5 W/(m °C). 

25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

25 1 5. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

25 16. The method of maim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio x>f ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

25 1 7. The method >f claim 2502, further comprising producing a mixture from the 
formation, w herein I he produced mixture comprises condensable hydrocarbons, and 
wherein less than about I % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

\ 
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2518. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

25 19. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about I % by weight When calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

io / 

2520. The method of claim 2502, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

1 5 phenols. / 

252 1 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

20 compounds. / 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein trie produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

25 ring aromatics witp more than two rings. 

2523. The metl 
formation, wherl 
wherein less tha 

30 asphaltenes. 



[ of claim 2502, further comprising producing a mixture from the 
^in the produced mixture comprises condensable hydrocarbons, and 
i about 0.3 % by weight of the condensable hydrocarbons are 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarb 
are cvcloalkanes. 



ons 



2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of theAion-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2526. The method of claim 2502, funher comprising producing a mixture from the 
formation, wherein the produced mix/rure comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produce^ mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2528. The method of claiirf 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2529. The method of claim 2528, wherein the partial pressure of H2 within the mixture 
is greater than about 0.5 par. 



2530. The method of daim 2502, further comprising producing a mixture from the 



formation, wherein the 



mixture is at a production well. 



>artial pressure of H2 within the mixture is measured when the 
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2531 . The method of claim 2502. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further/comprising: 
providing hydrogen (H 2 ) to the portion to hydrogenate hydrocarbons within the 

formation; and 

heating a portion of the formation with heat from hydrogenation. 

2534. The method of claim 2502, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2535. The method of clainy2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2536. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within me selected section such that a permeability of a majority of the 



selected section inc 

2537. The method 
than about 60 % by 



es substantially uniformly. 

>f claim 2502, further comprising controlling the heat to yield greater 
(weight of condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502. further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



2539. The method of claim 2502, further composing forming a production well in the 
formation using magnetic tracking such that the/production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 

2540. The method of claim 2502, further </omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ^/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern., 

2541 . The method of claim 2502, farther comprising providing heat from three or more 
heat sources to at least a portion op the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ov er an area of the formation ti> form a repetitive pattern of units. 

2542. A method for installing a heater well into a coal formation, comprising: 
forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating/mechanism within the bore such that the heating mechanism 

can transfer heat to at loast a portion of the formation. 

2543. The method ofr claim 2542, further comprising installing at least two heater wells, 
and w herein superposition of heat from at least the two heater wells pyrolyzes at least 
some hvdrocarbons within a selected section of the formation. 



2544. The method of claim 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 
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2545. The method of claim 2542, wherein the heating mechanism comprises 
electrical heater. 



2546. The method of claim 2542, wherein thff heating mechanism comprises a surface 



2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. / 

2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. / 

2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

2550. The method of cla/m 2542, further comprising controlling the heat from the 
heating mechanism suchr that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 

2551. The method of claim 2542, further comprising: 

heating a selected volume (F) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein Heating energy/day provided to the volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 

Pwr = hrV*C v *p B 

wherein! Pwr is the heating energy/day, h is an average heating rate of the 
formation, p a is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



burner. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2554. The method of claim 2542, ftirther comprising producing a mixture from the 
formation, wherein the produced tipture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 

2556. The method of clainf 2542, further comprising producing a mixture from the 
formation, wherein the pronuced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of eihene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2557. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the [ reduced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2558. The method of c 
formation, wherein the 



aim 2542, further comprising producing a mixture from the 
)roduced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2559. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein less than about I % by weight, xy hen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2560. The method of claim 2542, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, ahd wherein the oxygen containing compounds comprise 
phenols. 

2561. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about/>0 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein less than ibout 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2564. The method of claim 2542, ftirther comprising producing a mixture from the 
formation, where n the produced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2565. The method of claim 2542, ftirther^j^hiprising producing a mixture from the 
formation, wherein the produced mixtur/comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % bV volume of the non-condensable component. 



[0 2566. The method of claim 2542/ further comprising producing a mixture from the 
formation, wherein the producedmixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the oroduced mixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer/ 



2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



2569. The method df claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2571. The methoc 
formation to inhibi 
numbers greater 



thin 



of claim 2542, further comprising altering a pressure within the 
production of hydrocarbons from the formation having carbon 
about 25. 
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2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method of claim 2542, further comprising: 

providing hydrogen (H 2 ) to the at least me heated portion to hydrogenate 
hydrocarbons within the formation; and / 

heating a portion of the formation with heat from hydrogenation. 

2574. The method of claim 2542, furthter comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2575. The method of claim 25A2, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the forrrfation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within pe selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2578. The memod of claim 2542, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. 
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2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, arid wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

258 1 . A method for installing of we/ls in a coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to ayleast a portion of the formation. 

2582. The method of claim 2^8 1 , further comprising maintaining a temperature w ithin a 
selected section within a pyro/ysis temperature range. 

2583. The method of clai^A 2581, wherein the heating mechanism comprises an 
electrical heater. 

2584. The method of flaim 2581 , wherein the heating mechanism comprises a surface 
burner. 



2585. The method of claim 258 1 , wherein the heating mechanism comprises a flameless 
distributed combustdr. 



2586. The method 
distributed combustor. 



of claim 2581, wherein the heating mechanism comprises a natural 
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2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 



pressure is controlled as a function of temperature{or the temperature is controlled 
function of pressure. / 



as a 



2588. The method of claim 2581, further cfomprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than aboiit 1 °C per day during pyrolysis. 

2589. The method of claim 2581, further comprising: 

heating a selected volume ( Vj of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/d&y provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th/ equation: 

Pwr = h*V*C v *p 8 

w herein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation biilk density, and wherein the heating rate is less than about 10 
°C/day. 

2590. The method of clatm 2581 , further comprising allowing the heat to transfer from 
the heating mechanism tp at least the portion of the formation substantially by 
conduction. 

2591. The method declaim 2581, further comprising providing heat from the heating 
mechanism to at least/ the portion of the formation such that a thermal conductivity of at 
least the portion of tne formation is greater than about 0.5 W/(m °C). 
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2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

I 

,.i 

2593. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

w herein about 0. 1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2594. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethanffin the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2595. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about I %/oy weight, when calculated on an atomic basis, of the 
condensable hydrocarbons /s oxygen. 

2597. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1/% by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2598. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. J 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of me condensable hydrocarbons are aromatic 
compounds. / 

2600. The method of claim 258 1, furtheyxomprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight/of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

260 1 . The method of claim 258 l/ further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
w herein less than about 0.3 % hfy weight of the condensable hydrocarbons are 
asphaltenes. / 

2602. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2603. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein/the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than abouf 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2599. The method of claim 258 1 T further comprising producing a mixture from the 
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2604. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 258 1, further comprising oroducing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the fj&rmation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2607. The method of claim 2581, furtner comprising controlling formation conditions to 
produce a mixture from the formatiori, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2608. The method of claim 2607, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 258 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abput 25. 

26 1 0. The method of claim 258 1 , further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

26 1 1 . The method of claim 258 1 , further comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a p< rtion of the formation with heat from hydrogenation. 

\ 
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26 1 2. The method of claim 258 1, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
5 portion of the produced hydrogen. 

/ 

261 3. The method of claim 258 1 , further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 

10 selected section of the formation increases to greater than about 100 millidarcy. 

26 1 4. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section otfthe formation to pyrolyze at least some 
hydrocarbons within the selected sectionysuch that a permeability of a majority of the 

1 5 selected section increases substantially uniformly. 

2615. The method of claim 258 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2616. The method of claim 2581, further comprising producing a mixture in a 

production well, and wherein alt least about 7 heat sources are disposed in the formation 
for each production well. / 

26 1 7. The method of claim 258 1 , further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

261 8. The method oflclaim 2581, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

26 1 9. A method of treating a coal formation in situ, comprising: 

heating a selected section of the formation ^ith a heating element placed within a 
wellbore. wherein at least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 

2620. The method of claim 26 1 9, further cc/mprising at least two heating elements 
within at least two wellbores, and wherein /uperposition of heat from at least the two 
heating elements pyrolyzes at least some hydrocarbons within a selected section of the 
formation. 

262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
the selected section within a pyrolys/s temperature range, 

2622. The method of claim 26 ly, wherein the heating element comprises a pipe-in-pipe 
heater. 

2623. The method of claim ^619, wherein the heating element comprises a flame less 
distributed combustor. 

2624. The method of claim 26 1 9, wherein the heating element comprises a mineral 
insulated cable coupled up a support, and wherein the support is free to move within the 
wellbore. 

2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 



2626. The method of claim 2619, further comprising controlling a pressure and a 



temperature within at 



least a majority of a heated section of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2627. The method of claim 2619, further comprising controlling the heat such that an 

5 average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 

A 

2628. The method of claim 2619, wherein heating the section of the formation further 
comprises: / 

heating a selected volume (V) of the coal formation from the heating element, 
10 wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the' selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B / 
1 5 wherein Pwr is the heating energy /day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2629. The method of claim 2610, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 



25 



2630. The method of claim 261 9, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 

263 1 . The method of cfiaim 261 9, further comprising producing a mixture from the 
formation, wherein thef produced mixture comprises condensable hydrocarbons having an 
API gravity of at least/ about 25°. 



30 2632. The method ©f claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2633. The method of claim 2619, further comprising producing a mixture from the 

5 formation. wiierein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2634. The method of claim 261 9, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, \)/hen calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2635. The method of claim 2619, mrther comprising producing a mixture from the 
1 5 formation. wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2636. The method of claim/2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 r/o by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2637. The method of/claim 261 9, further comprising producing a mixture from the 
25 formation, wherein thjb produced mixture comprises condensable hydrocarbons, wherein 

about 5 % by weight/to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and w r herein the oxygen containing compounds comprise 
phenols. 



30 2638. The metho| of claim 261 9, further comprising producing a mixture from the 
formation, whereiii the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2639. The method of claim 261 9, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 2619, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight of pc condensable hydrocarbons are 
asphaltenes. 

264 1 . The method of claim 261 9, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to aboi^t 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2642. The method of claim 2610. further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable (Component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about eO % by volume of the non-condensable component. 

25 2643. The method of claim 2619, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight off the produced mixture is ammonia. 



2644. The method of clkim 261 9, further comprising producing a mixture from the 



30 formation, wherein the 
is used to produce fertili 



roduced mixture comprises ammonia, and wherein the ammonia 
zer. 



593 



Conley, Rose & Tayon. P C. 



2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial/pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

1 0 2647. The method of claim 2647, wherein the part/al pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



15 



2648. The method of claim 261 9, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



i y 



20 
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2649. The method of claim 2619, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of claim 261 9Vfurther comprising: 
providing hydrogen (H 2 ) p the heated section to hydrogenate hydrocarbons 

within the heated section; and 

heating a portion of th^section with heat from hydrogenation. 

265 1 . The method of claim/26 1 9, further comprising: 

producing hydrogen/and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



30 
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2652. The method of claim 261 9. wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 



= ! 3 
■=r=r 

5=3 



2653. The method of claim 261 9, wherein heating comprises, substantially uniformly 
5 increasing a permeability of a majority of the heated section. r 

2654. The method of claim 261 9, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as/measured by Fischer Assay. 

10 2655. The method of claim 2619, further comprising producing a mixture in a 

production well, and wherein at least about 7 heat spurces are disposed in the formation 
for each production well. 



rf Z 2656. The method of claim 261 9, further comprising providing heat from three or more 

4= 15 heat sources to at least a portion of the format/on. wherein three or more of the heat 
^ sources are located in the formation in a unit/of heat sources, and wherein the unit of heat 

O sources comprises a triangular pattern. 

J 2657. The method of claim 26 1 9, further comprising providing heat from three or more 

M? 20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iira unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 2658. A method of treating a coal formation in situ, comprising: 

providing heat from one pr more heat sources to at least a portion of the 
formation; 

allowing the heat to tra/isfer from the one or more heat sources to a selected 
section of the formation; and 
30 producing a mixture from the formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 



2659. The method of claim 2658, wherein the one or more heat sources comprise at 

5 least two heat sources, and wherein superposition of heat from at least the two heat 

/ '! 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2660. The method of claim 2658, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

2661 . The method of claim 2658, wherein the production well is less than 
approximately 6 m from a heat source of the ono^or more heat sources. 

15 2662. The method of claim 2658, wherein tide production well is less than 
approximately 3 m from a heat source of the one or more heat sources. 

2663. The method of claim 2658, wherein the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

20 

2664. The method of claim 2658/wherein an additional heat source is positioned within 
a wellbore of the production welK 

2665. The method of claim ^658, wherein the one or more heat sources comprise 
25 electrical heaters. 

2666. The method of cla/m 2658, wherein the one or more heat sources comprise 
surface burners. 



30 2667. The method of cflaim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

./« 

5 2669. The method of claim 2658. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, ; or the temperature is controlled as 
a function of pressure. / 

10 2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2671 . The method of claim 2658, wherein providing heat from the one or more heat 
1 5 sources to at least the portion of formation comprises: 

heating a selected volume (V) of tMe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day p/ovided to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 
25 / 

2672. The method of claim £65 8, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5/#/(m °C). 

/ 

5 2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

10 condensable hydrocarbons are olefins. 

2676. The method of claim 2658, wherein^ molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

15 2677. The method of claim 2658, wh/rein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 26S8, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein les/ than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hyd/ocarbons is oxygen. 

2679. The method of clairn 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is sulfur. 

2680. The method of c\mm 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein apout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

30 containing compounds comprise phenols. 
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2681 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight o'f the condensable 
hydrocarbons comprises multi-ring aromatics with mor^ than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

2684. The method of claim 2658, wherein thj& produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. 

2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thanAbout 1 0 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2686. The method of claim 2638, wherein the produced mixture comprises ammonia, 
and wherein greater than abouy0.05 % by weight of the produced mixture is ammonia. 

25 / 

2687. The method of claim£>658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of claim 2658, further, comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 
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2689, The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2690. The method of claim 2689. wherein the partial pressure of H2 within the mixture 

is measured when the mixture is at a production well. 

/ 
/ 

2691 . The method of claim 2658. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 



20 



25 



2692. The method of claim 2658, further comprising controlling formation conditions 
by recirculating a portion of the hydrogen /rom the mixture into the formation. 

2693. The method of claim 2658, furtMer comprising: 
providing hydrogen (H2) to thf heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sec/ion with heat from hydrogenation. 

2694. The method of claim 2638, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portiom of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of 3 majority of the selected section to greater than about 100 
millidarcv. 



30 2696. The method of claim 
substantially uniformly i 



2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2699. The method of claim 2658, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2700. The method of claim 2658, further comprising providing heat from three or more 
1 5 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a uniyof heat sources, wherein the unit of heat 
sources comprises a triangular pattern. andnvherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2701. A method of treating a coal formation in situ, comprising: 

providing heat to at least a ponion of the formation from one or more first heat 

sources placed within a pattern in ther formation: 

allowing the heat to transferpom the one or more first heat sources to a first 

section of the formation; / 
25 heating a second section oi the formation with at least one second heat source, 

wherein the second section is located within the first section, and wherein at least the one 

second heat source is configured/to raise an average temperature of a portion of the 

second section to a higher temperature than an average temperature of the first section; 

and / 
30 producing a mixture from the formation through a production well positioned 

within the second section, whqrein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component comprising H 2 
components. 

2702. The method of claim 2701, wherein the one or more first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the first section of the formation. 

/ 

2703. The method of claim 2701, further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 2701, wherein at least tne one heat source comprises a 
heater element positioned within the production wpll. 



2705. The method of claim 2701, wherein at )feast the one second heat source comprises 
1 5 an electrical heater. 

2706. The method of claim 2701, wherejk at least the one second heat source comprises 
a surface burner. 

20 2707. The method of claim 270 1 , \yfierein at least the one second heat source comprises 
a flameless distributed combustor. 



25 



2708. The method of claim 27(/l , wherein at least the one second heat source comprises 
a natural distributed combustor/ 

2709. The method of claim £70 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function or pressure. 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C per day during pyrolysis. 



10 



2711. The method of claim 270 1 , wherein providing heat to the formation further 
comprises: 

heating a selected volume (F) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to Jtoe volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

p wr = h*V*C v *p B 

wherein Pwr is the heating energy/cfay, h is an average heating rate of the 
formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 
°C/day. 



2712. The method of claim 2701, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2^01, wherein providing heat from the one or more first heat 
20 sources comprises heating thff first section such that a thermal conductivity of at least a 

portion of the first section iy greater than about 0.5 W/(m °C). 

2714. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons having an/API gravity of at least about 25°. 



25 



271 5. The method of/claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wMerein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 2716. The method/ of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrofcarbons ranges from about 0.001 to about 0.15. 
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2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2718. The method of claim 2701 , wherein the produced mixture comprises condensable 

% weight, when calculated on an atomic 



hydrocarbons, and wherein less than about 1 

/ 

basis, of the condensable hydrocarbons is oxygen. 

10 2719. The method of claim 2701, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

2720. The method of claim 2701, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 %yby weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen Containing compounds, and wherein the oxygen 
containing compounds compri/e phenols. 

2721 . The method of claim 2701, wherein the produced mixture comprises condensable 
20 hydrocarbons, and whereift greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



25 



2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



2723. The methc/d of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



hydrocarbons are 



asphaltenes. 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %; by volume of the non-condensable 

h 

component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %by weight of the produced mixture is ammonia. 



15 



2727. The method of claim 270 V, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usofcl to produce fertilizer. 



20 



2728. The method of claim/2701, further comprising controlling a pressure within at 
least a majority of the first/or the second section of the formation, wherein the controlled 
pressure is at least about£.0 bar absolute. 

2729. The method-oy claim 2701, further comprising controlling formation conditions to 
produce the mixture/wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



273 1 . The metfhod of claim 2701 , further comprising altering a pressure within the 
formation to inpibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2732. The method of claim 2701, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2733. The method of claim 2701, further comprising: 
5 providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section^respectively, with heat from 
hydrogenation. 

10 2734. The method of claim 2701, further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2735. The method of claim 270 1 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 270 l( wherein allowing the heat to transfer comprises 
20 substantially uniformly increasing a permeability of a majority of the first or second 
section. 



25 



2737. The method of claim£701 , wherein heating the first or the second section is 
controlled to yield greater tfm about 60 % by weight of condensable hydrocarbons, as 
measured by Fischer Assa\ 



2738. The method of claim 2701 , wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 2739. The method of c 
heat sources to at least a 



aim 2701, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



3 U 



2740. The method of claim 2701, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

10 274 1 . A method of treating a coal formation in situ/ comprising: 

providing heat into the formation from a plurality of heat sources placed in a 
pattern within the formation, wherein a spacing tyetween heat sources is greater than 
about 6 m; 

allowing the heat to transfer from the plurality of heat sources to a selected 
15 section of the formation; 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality of production welfare positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

20 2742. The method of claim 2741 , wherein superposition of heat from the plurality of 
heat sources pyrolyzes at least son/e hydrocarbons within the selected section of the 
formation. 

2743. The method of claim 2741, further comprising maintaining a temperature within 
25 the selected section within a pwolysis temperature range. 

2744. The method of claim ^741, wherein the plurality of heat sources comprises 
electrical heaters. 

30 2745. The method of claim J>741 , wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 2741, wherein the plurality of he^t sources comprises 
flameless distributed combustors. / 



2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 



10 



2748. The method of claim 2741, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



L 15 



2749. The method of claim 2741, furtt/er comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2750. The method of claim 274 1/ wherein providing heat from the plurality of heat 
comprises: 

heating a selected volume (V) of the coal formation from the plurality of heat 
20 sources, wherein the formatioA has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = h*V*C v *f 

25 wherein Pwr is thfe heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



275 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
30 transferring heat substantially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portion of the selected section is 
greater than about 0.5 W/(m °C). 

2753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight p about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



2755. The method of claim 2741 , wherein thaproduced mixture comprises non- 
condensable hydrocarbons, and wherein a moftar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboyUt 0.001 to about 0.15. 

2756. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ah/out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 2757. The method of claim 2741 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of claim ^741, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein lass than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. J 

5 / 

2761 . The method of claim 2741 , wherein the produced mixmre comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

10 2762. The method of claim 274 1 5 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %W weight of the condensable 
hydrocarbons are asphaltenes. / 

2763. The method of claim 2741 , wherein jfie produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5 % by Xveight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkauies. 

.2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein/the non-condensable component comprises hydrogen, 
20 wherein the hydrogen is greatei/than about 1 0 % by volume of the non-condensable 
component, and wherein the tiydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2765. The method of cnaim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater man about 0.05 % by weight of the produced mixture is ammonia. 

2766. The methoi 
and wherein the ail 



'of claim 2741, wherein the produced mixture comprises ammonia, 
lonia is used to produce fertilizer. 
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2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 withirj the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production well. 

2770. The method of claim 2741, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

2771 . The method of claim 2741 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 2741/ further comprising: 
20 providing hydrogen (H 2 )/to the selected section to hydrogenate hydrocarbons 

within the selected section; anc 

heating a portion of tMe selected section with heat from hydrogenation. 

2773. The method of claim 2741, further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced^ hydrogen. 



2774. The method of claim 2741, wherein allowing the heat to transfer comprises 
30 increasing a permeability of a majority of the selected 'section to greater than about 1 00 
millidarcy. 
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2775. The method of claim 2741. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 2776. The method of claim 2741 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, a/measured by Fischer Assay. 

2777. The method of claim 2741 , wherein at least aboA 7 heat sources are disposed in 
the formation for each production well. / 

10 / 

2778. The method of claim 2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni^of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

15 / 

2779. The method of claim 2741, furtlier comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatior/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation tcyform a repetitive pattern of units. 

2780. A system configured/to heat a coal formation, comprising: 

a heater disposed in/an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
25 an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone dumng use such that heat is generated at the reaction zone; and 
30 wherein the /system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781. The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. ^ 

5 

2782. The system of claim 2780. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
10 and wherein the critical flow orifices are configured^ to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation's controlled. 

2784. The system of claim 2780, wherein Xhf conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



15 



2785. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product. 

2786. The system of claim 2780, wherein the conduit is further configured to remove an 
20 oxidatiQn product such that the oxidation product transfers substantial heat to the 

oxidizing fluid. 

2787. The system of clainy2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 

25 approximately equal to allow rate of the oxidation product in the conduit. 

2788. The system of (Claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 

30 the oxidation product by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flow ing into portions of the formation beyond the reaction zone. 

5 2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 

from flowing into portions of the formation beyond the reaction zone. 

/ 

2791 . The system of claim 2780, further comprising a c/nter conduit disposed within 
the conduit, wherein the center conduit is configured tc/provide the oxidizing fluid into 

10 the opening during use, and wherein the conduit is father configured to remove an 
oxidation product during use. 

2792. The system of claim 2780, wherein the/portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



.£ 15 



M" 20 



25 



30 



2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit i/disposed within the opening, and wherein the 
conductor is configured to heat at le/st a portion of the formation during application of an 
electrical current to the conductor; 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 

2795. The system of dkim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 



at least the one elongai 



ed member. 
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2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 



10 



2797. The system of claim 2780, further comprising aia overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing h disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



+; 15 2799. The system of claim 2780, furtner comprising an overburden casing coupled to 
ill the opening, wherein the overburden/casing is disposed in an overburden of the 

L, formation, and wherein the overbumen casing is further disposed in cement. 

jf 2800. The system of claim 278A, further comprising an overburden casing coupled to 

H 20 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2801. The system of cla/m 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a picking material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2802. The system 
30 the opening, whereih 



<pf claim 2780. further comprising an overburden casing coupled to 
the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



15 



2803. The system of claim 2780, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 



10 use; 



a conduit configurable to be disposed/in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is furthe/ configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
20 heat in the reaction zone such/that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



25 



2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2807. The system of cflaim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. * 

5 2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. 

2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation prpduct transfers heat to the oxidizing fluid. 

10 

281 1 . The system of claim 2804, wherein ttfe conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

15 2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

20 28 1 3. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of tlW formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into porticps of the formation beyond the reaction zone. 



30 



2815. The system of Claim 2804, further comprising a center conduit disposed within 
the conduit, wherein denter conduit is configurable to provide the oxidizing fluid into the 
opening during use, ^id wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

28 1 7. The system of claim 2804, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. / 

28 1 8. The system of claim 2804, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electrical current to the insulated 
conductor. / 

28 1 9. The system of claim 2804, furthers comprising at least one elongated member 
15 disposed within the opening, wherein the a/least the one elongated member is 

configurable to heat at least a portion of tne formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein/ the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

25 282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2822. The system of claim 2804, further comprising an overburden casing coupled to 
30 the opening, wherein Xht overburden casing is disposed in an overburden of the 
formation, and wherein/ the overburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804 ? further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed/at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is (Zlisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening a^d the overburden casing during use. 

2826. The system of claim 2804,/rurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2828. An in situ metpod for heating a coal formation, comprising: 
25 heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons wipin the portion of the formation with an oxidizing fluid; 
providing the oxidizing fluid to a reaction zone in the formation; 
allowing tme oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 
30 transferriAg'the generated heat substantially by conduction from the reaction zone 

to a pyrolysis zone in the formation. 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

# 

5 2830. The method of claim 2828. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a cpnduit disposed in the opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
10 oxidation is controlled. / 



15 



2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising coolin^the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



y[ 20 2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising/emoving an oxidation product from the formation through 
the conduit. 

2835. The method ofy6laim 2828, wherein a conduit is disposed within the opening, the 
25 method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit/ 



2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

10 2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
p the conduit and substantially inhibiting the oxidation product from flowing into portions 

"i of the formation beyond the reaction zone. / 

jc 15 2839. The method of claim 2828, further comprising substantially inhibiting the 
J: oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

]| 2840. The method of claim 2828, wherein a center conduit is disposed within an outer 

! H conduit, and wherein the outer conduit is disposed within the opening, the method further 

□ 20 comprising providing the oxidizing fluid into the opening through the center conduit and 
^ removing an oxidation product mrough the outer conduit. 

2841 . The method of claim £828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

25 / 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. / 

30 2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member exposed within the opening. 

5 2845. The method of claim 2828. wherein heating. the portion comprises heating the 

7 

oxidizing fluid in a heat exchanger disposed external to the formation such that providing 

/ 

the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

1 0 2846. The method of claim 2828 ? further comprising removing water from the formation 
prior to heating the portion. 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

15 

2848. The method of claim 28^8, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

20 2849. The method of clafim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherem the overburden casing comprises steel. 

2850. The method of claim 2828, further comprising coupling an overburden casing to 
25 the opening, whe/ein the overburden easing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



2851. Them 
the opening, w 
casing and the 



hod of claim 2828, further comprising coupling an overburden casing to 
herein a packing material is disposed at a junction of the overburden 
opening. 
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2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



10 



2853. A system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, : /Wheiein the heater is configured 
to provide heat to at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein ihe conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to/a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an ^xidation product from the formation during 
use; and 

wherein the system is configure^ to allow heat to transfer substantially by 
conduction from the reaction zone to a/pyrolysis zone of the formation during use. 



20 



2854. The system of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such tha/the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
25 and wherein the critical/flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate off oxidation in the formation is controlled. 



30 



2857. The system of/claim 2853. wherein the conduit is further configured to be cooled 



with the oxidizing flu 



d such that the conduit is not substantially heated by oxidation. 
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2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the,6xidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2860. The system of claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit/are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861 . The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2862. The system of claim 2853, wherein ihe oxidizing fluid is substantially inhibited 
15 from flowing into portions of the formation beyond the reaction zone. 

2863. The system of claim 2853, furtjaer comprising a center conduit disposed within 
the conduit, wherein the center condylt is configured to provide the oxidizing fluid into 
the opening during use. 

20 

2864. The system of claim 285^, wherein the portion of the formation extends radially 
from the opening a width of lesrs than approximately 0.2 m. 

2865. The system of claim£853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
30 within the opening, wherein the insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current to the insulated 
conductor. 

2867. The system of claim 2853, further comprising at least one^elongated member 

5 disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 

/ 

/ 

2868. The system of claim 2853, further comprising a/heat exchanger disposed external 
10 to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 

wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

15 2869. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing disposed in an overburden of the 
formation. 

2870. The system of claim 2853, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

2871 . The system of claim 2853 Jriirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, and wherein the overburden casing is further disposed in cement. 

2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein a pack/ng material is disposed at a junction of the overburden 
casing and the opening. 

30 
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2873. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurer' to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



10 



2874. The system of claim 2853, further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed al/a junction of the overburden casing 
and the opening, and wherein the packing materia/comprises cement. 



2875. The system of claim 2853, wherein tlWsystem is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

15 2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable to hi disposed in the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at lpst some hydrocarbons at the reaction zone during use such 
that heat is generated at the /eaction zone, and wherein the conduit is further configurable 
to remove an oxidation prdauct from the formation during use; and 
25 wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone during use. 
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2877. The system of claim 2876, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zflne such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2878. The system of claim 2876. wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation^ is controlled. 



10 



2880. The system of claim 2876, wherein the/conduit is further configurable to be 
cooled with the oxidizing fluid such that the </onduit is not substantially heated by 
oxidation. 



288 1 . The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to tMe oxidizing fluid. 

15 2882. The system of claim 2876. wWerein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



U 20 



2883. The system of claim 2876/ wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

25 2885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 



2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. 
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2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2888. The system of claim 2876, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed wjthin the opening, and wherein the 

conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 

2889. The system of claim 2876, further a/mprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electrical current to the insulated 
conductor. 

2890. The system of claim 2876, fi^ther comprising at least one elongated member 
15 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elohgated member. 

2891 . The system of claim 2876, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion, of the formation during use. 

25 2892. The system of cLkim 2876, further comprising an overburden casing coupled to 
the opening, wherein tt£ overburden casing is disposed in an overburden of the 
formation. 

2893. The system of blaim 2876, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereip the overburden casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2895. The system of claim 2876, further comprising ah overburden casing coupled to 
the opening, wherein a packing material is disposed ^/a junction of the overburden 
casing and the opening. 



10 
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2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2898. The system of claim 2876, wherein the system is further configurable such that 
transferred heat can pyrolyze ay least some hydrocarbons in the pyrolysis zone. 



2899. An in situ method fonheating a coal formation, comprising: 
25 heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the pojrtion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 
providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidfeing gas to react, with at least a portion of the hydrocarbons at 
30 the reaction zone to generate heat in the reaction zone; 

removing at leasil a portion of an oxidation product through the opening; and 
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transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

/ i 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
5 through the reaction zone by diffusion. 

/ 

/ 

/ 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices/of a conduit disposed in the opening. 

10 2902. The method of claim 2899 ; further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduityaisposed in the opening such that a rate of 
oxidation is controlled. / 



2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
15 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 

20 conduit is not substantially heated by oxidation. 



25 
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2905. The method of claim/>899, wherein a conduit is disposed within the opening, and 
wherein removing at least me portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 
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2907. The method of claim 2899. wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation prod^t through the conduit and 
w herein a flow rate of the oxidizing fluid in the conduit is^pproximately equal to a flow 
rate of the oxidation product in the conduit. 

2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the o^dation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. 

2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 



20 2910. The method of claim 28J99, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



25 



291 1 . The method of clainY 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



30 



2912. The method of cfaim 2899, wherein the portion of the formation extends radially 



from the opening a widi 



of less than approximately 0.2 m. 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 

5 2914. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed/within the opening. 

2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

10 / 

2916. The method of claim 2899, wherein Keating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. / 

15 / 

291 7. The method of claim 2899, farther comprising removing water from the formation 
prior to heating the portion. / 

291 8. The method of claim 2899, further comprising controlling the temperature of the 
20 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

2919. The method of claim £899, further comprising coupling an overburden casing to 
the opening, wherein the owrburden casing is disposed in an overburden of the 
formation. / 

25 / 

2920. The method of c/aim 2899. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2921 . The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

.{ 

5 2922. The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed fX a junction of the overburden 
casing and the opening. 

2923. The method of claim 2899, wherein th/pyrolysis zone is substantially adjacent to 
10 the reaction. 

2924. A system configured to heat a corn formation, comprising: 
an electric heater disposed in an/opening in the formation, wherein the electric 

heater is configured to provide heat t</ at least a portion of the formation during use; 

15 an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use. and wherein the oxidizing/fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use /uch that heat is generated at the reaction zone; and 

20 % wherein the system/is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 



25 



2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system/of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is rjot substantially heated by oxidation. 

2929. The system of claim 2924, wherein Xhf conduit is further configured to remove an 
oxidation product. 

2930. The system of claim 2924, whereifi the conduit is further configured to remove an 
oxidation product, such that the oxidatidn product transfers heat to the oxidizing fluid. 



293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
15 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 

approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherem a pressure of the oxidizing fluid in the conduit and a 

20 pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2933. The system of clalim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 

25 flowing into portions of the formation beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

30 2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein khe center conduit is configured to provide the oxidizing fluid into 
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the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924, wherein the portion of the formation extends radially 
5 from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. / 

10 / 

2938. The system of claim 2924, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

15 2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2940. The system of claim 2924, further comprising an overburden casing coupled to 
20 the opening, wherein a pacMng material is disposed at a junction of the overburden 

casing and the opening. / 

2941. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2943. The system of claim 2924 ? wherein the^ystem is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2944. A system configurable to heat a/coa\ formation, comprising: 

an electric heater configurable/to be disposed in an opening in the formation, 
wherein the electric heater is furthe/ configurable to provide heat to at least a portion of 
the formation during use, and wh^ein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable io be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that hea/ is generated at the reaction zone; and 

wherein the sy/tem is further configurable to allow heat to transfer substantially 
by conduction from tae reaction zone to a pyrolysis zone of the formation during use. 



20 2945. The system/of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 



2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein/the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such tmat a rate of oxidation in the formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. A 



2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product. / 

2950. The system of claim 2944, wiierein the/conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of me oxidation product in the conduit. 

2952. The system of claim 2944, ywherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, ancy wherein the oxidation product is substantially inhibited from 
flowing into portions ofihe formation beyond the reaction zone. 

2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation productf during use. 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
5 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. / 

2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

10 formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, and wherein the overburaen casing is further disposed in cement. 

15 / 

2960. The system of claim 294A, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

20 2961 . , The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the Overburden casing is disposed in an overburden of the 
formation, wherein a paaking material is disposed at a junction of the overburden casing 
and the opening, and wMerein the packing material is configurable to substantially inhibit 
a flow of fluid between/the opening and the overburden casing during use. 

25 / 

2962. The system of/claim 2944, further comprising an overburden casing coupled to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, wherein af packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

30 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a coal formatioii comprising: 

5 a conductor disposed in a first conduit, wlierein the first conduit is disposed in an 

opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during use; 
an oxidizing fluid source; 

a second conduit disposed in the opening, wherein the second conduit is 
10 configured to provide an oxidizing fluia from the oxidizing fluid source to a reaction 

zone in the formation during use, and/wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reac/ion zone during use such that heat is generated at the 
reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of clainY2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by division. 

20 

2966. The system of/claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 

2967. The system of claim 2964, wherein the second conduit comprises critical flow 
25 orifices, and whetfein the critical flow orifices are configured to control a flow of the 

oxidizing fluid syxch that a rate of oxidation in the formation is controlled. 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with th? oxidizing fluid to reduce heating of the second conduit by oxidation. 

30 
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2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 

A 

2970. The system of claim 2964, whereinihe second conduit is further configured to 
5 remove an oxidation product such that thdoxidation product transfers heat to the 

oxidizing fluid. 

/ 

2971. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 

10 is approximately equal to a flow rate of the oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, artd wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 

15 reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

20 / 

2974. The system of/claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing into poijtions of the formation beyond the reaction zone. 

2975. The system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit, wherein the center conduit is configured to provide the oxidizing 

fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use, 

2976. The system if claim 2964, wherein the portion of the formation extends radially 
30 from the opening a mdxh of less than approximately 0.2 m. 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



5 2978. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ \ 

2979. The system of claim 2964. further comprising an overburden casing coupled to 
1 0 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



15 



2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



^ s 20 



2981 . The system of claim 2964; further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereirythe packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



25 



2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



30 



2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can/pyrolyze at least some hydrocarbons in the pyrolysis zone, 

2984. A system configurable to heat a coal formation, comprising: 
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a conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during use; 

5 a second conduit configurable to be disposed in the opening, wherein the second 

conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 
10 wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone toya pyrolysis zone of the formation during use. 

2985. The system of claim 2984. wl/erein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that tne oxidizing fluid is transported through the reaction 

15 zone substantially by diffusion. / 

2986. The system of claim 29J54, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

20 2987. The system of claim 2984, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that A rate of oxidation in the formation is controlled. 

2988. The system of olaim 2984, wherein the second conduit is further configurable to 
25 be cooled with the oxi/dizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. 
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2990. The system of claim 2984. wherein the second conduit is further configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. ^ 

2991 . The system of claim 2984. wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxiaation product in the second conduit. 

2992. The system of claim 2984. wherein ttte second conduit is further configurable to 
remove an oxidation product and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wnerein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984. further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use. and wherein the second conduit is further configurable to 
remove an oxidation product during use. 

2996. The system of claim 2984. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2997. The system ok claim 2984. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 
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2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 

/ 

2999. The system of claim 2984. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

10 3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3001 . The system of claim 2984, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

20 3002. The" system of oflaim 2984, further comprising an overburden casing coupled to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, wherein ef packing material is disposed at a junction of the overburden casing 
and the opening, anp wherein the packing material comprises cement. 

25 3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3004. An in s/tu method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
30 of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 

heating comprises applying an electrical current to a conductor disposed in a first conduit 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with ,at lleast a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3005. The method of claim 3004, furthe^ comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 

3006. The method of claim 3004, fiirther comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. 



15 



3007. The method of claim 301)4, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifice/ of a second conduit disposed in the opening such that a 
rate of oxidation is controlled 



20 3008. The method of claifrn 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3009. The method of/claim 3004, wherein a second conduit is disposed in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the/second conduit by oxidation. 



3010. The method Jbf claim 3004, wherein a second conduit is disposed within the 



opening, the metho 



30 formation through t le second conduit. 



further comprising removing an oxidation product from the 
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301 1 . The method of claim 3004. wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 

formation through the second conduit and transferring Kfeat from the oxidation product in 

i 

the conduit to the oxidizing fluid in the second conduit. * 



10 



3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, whe/ein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal toya flow rate of the oxidation product in the 
second conduit. 



15 



3013. The method of claim 3004, Wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 



ru 
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3014. The method of claim/3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of /he formation beyond the reaction zone. 



25 
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301 5. The method of/claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method pf claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherep the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidaftion product through the outer conduit. 
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301 7. The method of claim 3004. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



301 8. The method of claim 3004, further comprising removing water from the formation 
5 prior to heating the portion. 



3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



10 3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation. 

302 1 . The method of claim 3004; further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



20 



3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



30 



3023. The method of/claim 3004, further comprising coupling an overburden casing to 
the opening, wherein/a packing material is disposed at a junction of the overburden 
casing and the openjtig. 

3024. A system Configured to heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherein the 
insulated conductor is configured to provide heat to at least a portion of the formation 
during use; 

an oxidizing fluid source; 
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a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 
5 wherein the system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 

/ 
/ 

/ 

3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxic^zing fluid is transported through the reaction 

10 zone substantially by diffusion. 

3026. The system of claim 3024. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provid^ the oxidizing fluid into the opening. 

15 3027. The system of claim 3024; wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028, The system of claim 3024, wherein the conduit is configured to be cooled with the 
20 oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3029. The system of c/aim 3024, wherein the conduit is further configured to remove an 
oxidation product. 

25 3030. The system acclaim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 

303 1 . The system of claim 3024, wherein the conduit is further configured to remove an 
30 oxidation product and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



648 



Conley, Rose & Tayon. P C. 



m 



3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are/ controlled to reduce contamination 

5 of the oxidation product by the oxidizing fluid. / 

3033. The system of claim 3024. wherein the oonduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyoria the reaction zone. 

10 / 

3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, rarther comprising a center conduit disposed within 
15 the conduit, wherein the center coidduit is configured to provide the oxidizing fluid into 

the opening during use, and whe/ein the conduit is further configured to remove an 
oxidation product during use. / 

3036. The system of claim/3024, wherein the portion of the formation extends radially 
20 from the opening a width of less than approximately 0.2 m. 

3037. The system of cflaim 3024, further comprising an overburden casing coupled to 
the opening, w4ierein/the overburden casing is disposed in an overburden of the 
formation. / 

25 / 

3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



649 



Conley. Rose & Tayon : P C . 



^9. The system of claim 3024, further comprising an overburden casine coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, further comprising a/overburden casing coupled to 
the opening, wherein a packing material is disposed a/a junction of the overburden 

casing and the opening. 

3041 . The system of claim 3024, further compr/ing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disp/sed at a junction of the overburden casing 
and the opening, and wherein the packing m/terial is configured to substantially inhibit a 
flow of fluid between the opening and the /verburden casing during use. 

3042. The system of claim 3024. forth/ comprising an overburden casin e coupled to 
the opening, wherein the overburden c/sing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the p/cking material comprises cement. 

3043. The system of claim 3024 wherein the system is further configured such that 
transferred heat can pyrolyze d least some hydrocarbons in the pyrolysis 



zone. 



3044. A system configurate to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation 
wherein the insulated co/ductor is further configurable to provide heat to at least a 
portion of the formatiori during use; 

a conduit configurable to be disposed in the opening, wherein the conduit 
further configurable to provide an oxidizing fluid from an oxidizing fluid 
reaction zone in the formation during use, and wherein the system is configurable 
allow the oxidizing/fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such thit heat is generated at the reaction zone: and 



IS 

source to a 
le to 
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wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluicj/ls transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



15 3048. The system of claim 3044, whefein the conduit is further configurable to be 
cooled with the oxidizing fluid such tjlat the conduit is not substantially heated by 
oxidation. 

3049. The system of claim 3044/ wherein the conduit is further configurable to remove 
20 an oxidation product. 

3050. The system of claim 3^44, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

25 305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, andAvherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a/flow rate of the oxidation product in the conduit. 



3052. The system of clkim 3044, wherein the conduit is further configurable to remove 
30 an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit isyeonfigurable to provide the oxidizing fluid into the 
opening during use, and wherein the/conduit is further configurable to remove an 
oxidation product during use. / 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of lesfs than approximately 0.2 m. 

3057. The system of claim£044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3058. The system of cflaim 3044, further comprising an overburden casing coupled to 
the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wherean the overburden casing comprises steel. 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

5 306 1 . The system of claim 3044, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the ov/rburden casing during use. 
10 / 

3062. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material isflisposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

15 / 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at lea/t some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formation, comprising: 

20 heating a portion of the/formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and whereiiythe insulated conductor is disposed within the opening; 
providing the oxidizing fluid to a reaction zone in the formation; 
25 allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 

the reaction zone to generate heat at the reaction zone; and 

transferring tha generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone inAhe formation. 

30 3065. The methodibf claim 3064, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

/ 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit /disposed in the opening such that a rate of 



oxidation is controlled. 



7 



3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
10 fluid in the opening to accommodate aa increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



L.-5. 



15 



3069. The method of claim 3064,/wherein a conduit is disposed in the opening, the 
method further comprising coolirjg the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



m 



20 



25 



30 



3070. The method of claim 3064. wherein a conduit is disposed within the opening, the 
method further comprising Removing an oxidation product from the formation through 
the conduit. 

3071 . The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The methodof claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the'pxidation product by the oxidizing 
fluid. / 

I 

3074. The method of claim 3064, wherein a/conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting ther oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3075. The method of claim 3064, fuyiher comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxid/zing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width pf less than approximately 0.2 m. 

3078. The method of cpim 3064, further comprising removing water from the formation 
prior to heating the portton. 

3079. The method ofl claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

f claim 3064, further comprising coupling an overburden casing to 
the overburden casing is disposed in an overburden of the 



3080. The method 
the opening, where 
formation. 
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308 1 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 . 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing \i further disposed in cement. 

10 3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. / 

3084. The method of claim 3064, wMerein the pyrolysis zone is substantially adjacent to 
15 the reaction zone. / 



3085. An in situ method for heating a coal formation, comprising: 

heating a portion of the /formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
20 portion is located substantially adjacent to an opening in the formation, wherein heating 

comprises applying an electrical current to an insulated conductor to provide heat to the 

portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 

comprises critical flow orifices, and wherein the conduit is disposed within the opening; 
providing the oxidizing fluid to a reaction zone in the formation; 
25 allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 

the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 

to a pyrolysis zone/in the formation. 



30 3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the react on zone by diffusion. 
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3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

5 3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 

fluid in the opening to accommodate an increase in a volume of the reaction zone such 

f\ 

that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
10 oxidizing fluid to reduce heating of the conduit by oxidation. 

3090. The method of claim 3085, furtheycomprising removing an oxidation product 
from the formation through the conduit. / 

15 3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conauit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The method of claim 3(785, further comprising removing an oxidation product 
20 from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 

conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 

25 fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. 

3094. The method o 
from the formation th 

30 from flowing into pof 



/claim 3085, further comprising removing an oxidation product 
faugh the conduit and substantially inhibiting the oxidation product 
tions of the formation beyond the reaction zone. 
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3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



n 20 



3096. The method of claim 3085, wherein a center conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 

through the center conduit and removing an oxidation product through the conduit. 

/ 



3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

10 

3098. The method of claim 3085, farther comprising removing water from the formation 
prior to heating the portion. 

3099. The method of claim 30385, further comprising controlling the temperature of the 
15 formation to substantially inhibit production of oxides of nitrogen during oxidation. ' 

3 100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the yoverburden casing is disposed in an overburden of the 
formation. 



3 1 0 L The method off claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

25 3 1 02. The methjbd of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and ^herein the overburden casing is further disposed in cement. 

3 103. The mejhod of claim 3085, further comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3 104. The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



5 3 105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source; 
10 a conduit disposed in the opening, wherein the conduit is configured to provide an 

oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use suchr that heat is generated at the reaction zone; and 
wherein the system is configured to allow heat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 



3 106. The system of claim h 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone sijrh that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 107. The system of c/aim 3 105, wherein the conduit comprises orifices, and wherein 
the orifices are configiared to provide the oxidizing fluid into the opening. 



25 
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3 1 08. The system qf claim 3 105, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3109. The system 
with the oxidizing 



of claim 3105, wherein the conduit is further configured to be cooled 
iluid such that the conduit is not substantially heated by oxidation. 
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3110. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3 1 05 ; wherein the condurf is further configured to remove an 
5 oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3 105, wherein the /onduit is further configured to remove an 
oxidation product, and wherein a flow rate oMhe oxidizing fluid in the conduit is 
approximately equal to a flow rate of the ox/dation product in the conduit. 



10 



15 



3113. The system of claim 3 105, wherdn the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in thfe conduit are controlled to reduce contamination of 
the oxidation product by the oxidizirfg fluid. 

3114. The system of claim 3 105/ wherein the conduit is further configured to remove an 
oxidation product, and wherein /he oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



20 3115. The system of claim 3 105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portion? of the formation beyond the reaction zone. 



25 



3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 



30 



3117. Thesystei 
from the opening 



of claim 3105, wherein the portion of the formation extends radially 
width of less than approximately 0.2 m. 
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3118. The system of claim 3 1 05. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. /' 

i 

5 3119. The svstem of claim 3 1 05. further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is' disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3120. The system of claim 3105, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 

15 casing and the opening. / 

3122. The system of claim 3 1 06, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing/material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3 123. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a pafcking material is disposed at a junction of the overburden casing 
and the opening, and wnerein the packing material comprises cement. 

3124. The system of/claim 3105, wherein the system is further configured such that 
transferred heat can jwrolyze at least some hydrocarbons in the pyrolysis zone. 

30 

3 125. A system configurable to heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
5 further configurable to provide an oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, ane/wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least/some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
10 by conduction from the reaction zone/to a pyrolysis zone of the formation during use. 

3126. The system of claim 3 125, /wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such thaft the oxidizing fluid is transported through the reaction 
zone substantially by diffusion/ 

15 / 

3 127. The system of claim/) 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3 128. The system of cdaim 3 125, wherein the conduit comprises critical flow orifices, 
20 and wherein the critical flow orifices are configurable to control a flow of the oxidizing 

fluid such that a rate/of oxidation in the formation is controlled. 



25 



3 129. The system of claim 3 125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3 130. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product. 

30 3131. The sy< tern of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 
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3 132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidatior^product in the conduit. 



10 



3133. The system of claim 3 125, wherein th£ conduit is further configurable to remove 
an oxidation product, and wherein a pressure! of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fli 

3 134. The system of claim 3 125, whe/ein the conduit is further configurable to remove 
an oxidation product, and wherein tlw oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



15 3135. The system of claim 3 \25L wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3136. The system of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
20 opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during Aise. 



25 



3137. The system of claim 3 125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3138. The system ot claim 3 125, further comprising an overburden casing coupled to 
the opening, wherei/i the overburden casing is disposed in an overburden of the 
formation. 
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3 1 39. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/is further disposed in cement. 

3141. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. / 

3 142. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3 143. The system of claim J 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pack/ng material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 144. The system of claim 3 125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons wipin the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react wlj^t least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3 146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening /hrough orifices of a conduit disposed in the opening. 

15 3 148. The method of claim J145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
20 fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation/is substantially constant over time within the reaction zone. 



25 



3 150. The method of claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



30 



3151. The method of claim 3 145, wherein a conduit is disposed within the opening, the 



method further coi 
the conduit. 



[prising removing an oxidation product from the formation through 



Conley. Rose & Tayon. P C. 



3 1 52. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

5 

3153. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

10 / 

3 154. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 

15 fluid. / 

3155. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhabiting the oxidation product from flowing into portions 

20 of the formation beyond the reaction zone. 

3 1 56. The method of claim 1 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

25 3 1 57. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

30 3 158. The method of/claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3 159. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. 



3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of </xides of nitrogen during oxidation. 



10 



3161. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



15 



3 162. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdeyi casing comprises steel. 

3 1 63. The method of claim 3145, fiurther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



20 3 164. The method of claim 3 1 A5, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3 165. The method of clain/ 3 145, wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. 



3 1 66. A system configured to heat a coal formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



.10 



3 167. The system of claim 3 166, wherein me oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3 168. The system of claim 3 166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provideihe oxidizing fluid into the opening, 

3 169. The system of claim 3 166, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifi/es are configured to control a flow of the oxidizing 
fluid such that a rate of oxidatioc( in the formation is controlled. 

3 1 70. The system of claim 3 Y66, wherein the conduit is further configured to be cooled 
20 with the oxidizing fluid such /hat the conduit is not substantially heated by oxidation. 

3171. The system of clainy 3 1 66, wherein the conduit is further configured to remove an 
oxidation product. 

25 3 1 72. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



30 



3173. The system of 
oxidation product, anc 
approximately equal to 



aim 3 166, wherein the conduit is further configured to remove an 
wherein a flow rate of the oxidizing fluid in the conduit is 
a flow rate of the oxidation product in the conduit. 
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3174. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidising fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

5 

3 175. The system of claim 3166, wherein the/conduit is further configured to remove an 
oxidation product, and wherein the oxidation/product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

10 3 176. The system of claim 3 166, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the fonnation beyond the reaction zone. 



15 



3 1 77. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whereijli the conduit is further configured to remove an 
oxidation product during use. 



20 



3178. The system of claim 3 1 66, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3179. The system of claim 6166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 3 180. The system of clajfm 3166, further comprising an overburden casing coupled to 
the opening, wherein the /overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3181. The system of dlaim 3 1 66, further comprising an overburden casing coupled to 



30 the opening, wherein tl 



formation, and wherein the overburden casing is further disposed in cement. 



te overburden casing is disposed in an overburden of the 
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3 1 82. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

5 / 

3 1 83. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isilisposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 

10 flow of fluid between the opening and the/overburden casing during use. 

3 1 84. The system of claim 3 166, furtj/er comprising an overburden casing coupled to 
the opening, wherein the overburden Casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3185. A system configurable to/ heat a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

20 a conduit configurable to be disposed in the opening, wherein the conduit is 

further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the hJated oxidizing fluid to at least the portion of the formation 
during use, and wherein ttte system is further configurable to allow the oxidizing fluid to 

25 oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at pe reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 1 86. The system of claim 3185. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

5 3187. The system of claim 3 1 85, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



10 



3 1 88. The system of claim 3185, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



15 



3 1 89. The system of claim 3185, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such tl^&t the conduit is not substantially heated by 
oxidation. 

3 1 90. The system of claim 3185, ^herein the conduit is further configurable to remove 
an oxidation product. 



^ 3191. The system of claim 3 185, wherein the conduit is further configurable to remove 

ssss / 

□ 20 an oxidation product such thay the oxidation product transfers heat to the oxidizing fluid. 



25 



3 1 92. The system of claim p 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 193. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, andf wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation/product in the conduit are controlled to reduce contamination of 
the oxidation product b)7 the oxidizing fluid. 



30 
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3 194. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 

flowing into portions of the formation beyond the reaction zone. 

' I 
i 

3 195. The system of claim 3 185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



10 



3 1 96. The system of claim 3185, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. 



15 



3 1 97. The system of claim 3185, whferein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3198. The system of claim 3185/ further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation. 



20 3 1 99. The system of clainv 3185, further comprising an overburden casing coupled to 
the opening, wherein the dverburden casing is disposed in an overburden of the 
formation, and wherein tne overburden casing comprises steel. 

3200. The system of daim 3 1 85, further comprising an overburden casing coupled to 
25 the opening, wherein ttie overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



3201. The system off claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3202. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 

5 a flow of fluid between the opening and the overburden casing during use. 

3203. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

.10 and the opening, and wherein the packing material comprises cement. 

O NDC (HEA T EXCHANGER PREHEA TING METHOD) 

3204. An in situ method for heating a coail formation, comprising: 

HF heating a portion of the formation to a temperature sufficient to support reaction 

JS 15 of hydrocarbons within the portion of ^ie formation with an oxidizing fluid, wherein 
JT; heating comprises: 

s heating the oxidizing fluid With a heat exchanger, wherein the heat exchanger is 

j; disposed external to the formatior 

^ providing the heated oxidizing fluid from the heat exchanger to the portion of the 

O 20 formation; and 

^ allowing heat to transfer from the heated oxidizing fluid to the portion of the 

formation; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
25 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3205. The method of /claim 3204, further comprising transporting the oxidizing fluid 
30 through the reaction zone by diffusion. 
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3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
5 fluid with critical flow orifices of a conduit disposed ill the opening such that a rate of 

oxidation is controlled. / 



3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



tii 



15 



20 



3209. The method of claim 3204, whereinA conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3210. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

3211. The method of claim 320^4, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring hjfeat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit 



25 3212. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of tpe oxidation product in the conduit. 



30 32 1 3. The method or claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and controlling a pressure between the oxiclizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. < 

5 3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. / 

10 3215. The method of claim 3204, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions pf the formation beyond the reaction zone. 

3216. The method of claim 3204, whecein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit/is disposed within the opening, the method further 

15 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3217. The method of claim 3204( wherein the portion of the formation extends radially 
from the opening a width of less/than approximately 0.2 m. 

20 / 

3218. The method of claim 3p4 ; further comprising removing water from the formation 
prior to heating the portion. / 

3219. The method of claimB204, further comprising controlling the temperature of the 
25 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 
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322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in^n overburden of the 
formation, and wherein the overburden casing comprises steel. 



5 3222. The method of claim 3204, further comprising coupling an overburden casing to 

/ 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is/further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
10 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. . / 

3224. The method of claim 3204, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

15 / 

3225. An in situ method for heatiflg a coal formation, comprising: 

heating a portion of the focmation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 
20 oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 

formation; / 

providing the oxidizda fuel gas from the heater to the portion of the formation; 
and / 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
25 formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
30 to a pyrolysis zone in tne formation. 
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3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. f 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of/a conduit disposed in the opening. 

/ 

3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225, furthem:omprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially /onstant over time within the reaction zone. 



15 3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 

method further comprising coolin^the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



4* 



323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
20 method further comprising removing an oxidation product from the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

25 the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the cfonduit. 

3233. The method ©f claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

30 the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



.10 



3235. The method of claim 3225, wherein ^conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



m 



15 



20 



3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3222, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width pf less than approximately 0.2 m. 



3239. The method of alaim 3225, further comprising removing water from the formation 
25 prior to heating the portion. 



3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3241. The method of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

I 

5 3242. The method of claim 3225, further comprising/Coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method of claim 3225, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing id disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3244. The method of claim 3225, furth/r comprising coupling an overburden casing to 
the opening, wherein a packing materia/! is disposed at a junction of the overburden 

15 casing and the opening. / 

3245. The method of claim 3225/wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3246. A system configured to heat a coal formation, comprising: 

20 an insulated conductor/disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use/ and 

wherein the systeny is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

25 / 

3247. The system of olaim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

30 3248. The system jbf claim 3246, further comprising a support member, wherein the 
support member is /configured to support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centralizes 
wherein the support member is configured to support^e insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 



3250. The system of claim 3246, wherein thf open wellbore comprises a diameter of at 
least approximately 5 cm. 

10 325 1 . The system of claim 3246, furthe/ comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 



15 



20 



3252. The system of claim 3246,^urther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the/ead-in conductor comprises a rubber insulated 
conductor. 

3253. The system of claim 5246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of clAim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor wi/h a cold pin transition conductor. 



3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 
25 insulated conductor/with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



30 



3256. The syste/n of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

/ 

5 3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy Comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weighty 

10 3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

15 3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261. The system of claim 3246, wherein the insulated conductor comprises a conductor 
20 disposed in an electrically insulating material, and wherein the electrically insulating 

material comprises magnesium oxide. 

3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically/insulating material, wherein the electrically insulating material 

25 comprises magnesium o^ide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 j 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 

30 material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 

disposed in an electrically insulating material, wherein the electrically insulating material 

4' 

comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
5 magnesium oxide. / 

3265. The system of claim 3246, wherein the insulatea conductor comprises a conductor 
disposed in an electrically insulating material, and whefrein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 

10 material. / 

3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

15 / 

3267. The system of claim 3246, furthe/ comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3-phase Y configuration. 

20 3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

25 3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

30 3270. The system of claim 3246, wherein the insulated conductor is configured to 

generate radiant heat of /approximately 500 W/m to approximately 1 150 W/m during use. 
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3271. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support inember into the open wellbore 
during use. / 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantiallyyconstant amount of fluid flow through the 
support member into the open wellbore during use. 

3273. The system of claim 3246, furthe/ comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. / 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount oyfluid flow through the support member into the open 
wellbore during use. / 

3275. The system of claimyS246, further comprising an overburden casing coupled to 
the open wellbore, whereirythe overburden casing is disposed in an overburden of the 
formation. / 

3276. The system of cFaim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3278. The system of claim 3246, further comprising,an overburden casing coupled to 
the open wellbore, wherein the overburden casing isilisposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 



10 



3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



15 



3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



20 



328 1 . The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at l^ast the one sealing flange is configured to couple to the lead-in 
conductor. 

3282. The system otf claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 



30 3283. A system configurable to heat a coal formation, comprising: 



25 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 

i 

conductor to a selected section of the formation during use. 

3284. The system of claim 3283, wherein Winsulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3285. The system of claim 3283, furthey comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 



3286. The system of claim 3283, funher comprising a support member and a centralizes 
15 wherein the support member is configurable to support the insulated conductor, and 

wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 32^3, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 cm. 

3288. The system of claim &283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



25 



3289. The system of cl^im 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



30 3290. The system of dlaim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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3291. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resista/nce insulated conductor. 



3293. The system of claim 3283, wherein fcne insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, and wherein the electrically insulating 

material is disposed in a sheath. 

3294. The system of claim 3283, whefrein the insulated conductor comprises a conductor 
disposed in an electrically insulating paterial, and wherein the conductor comprises a 

15 copper-nickel alloy. 

3295. The system of claim 3283/ wherein the insulated conductor comprises a conductor 
disposed in an electrically insula/ting material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 12 °/<f nickel by weight. 

3296. The system of claim/3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically msulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 

25 weight to approximately p % nickel by weight. 

3297. The system of ciaim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a mermally conductive material. 
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3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

5 3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein ^he magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

10 3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide/and magnesium oxide. 

3301 . The system of claim 3283/ wherein the insulated conductor comprises a conductor 
15 disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, vperein the magnesium oxide comprises grain particles, 
and wherein the grain particle/ are configurable to occupy porous spaces within the 
magnesium oxide. 

20 3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically/insulating material, and wherein the electrically insulating 
material is disposed in a ^heath, and wherein the sheath comprises a corrosion-resistant 
material. 

25 3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



30 



3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 



are configurable in a 



3 -phase Y configuration. 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



10 



3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel/electrical configuration. 



3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



15 3308. The system of claim 328X further comprising a support member configurable to 
support the insulated conductor/ wherein the support member comprises orifices 
configurable to provide fluid f/ow through the support member into the open wellbore 
during use. 



20 3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into they open wellbore during use. 



25 33 10. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein thp tube is configurable to provide a flow of fluid into the open 
wellbore during use. 



3311.. The system of claim 3283, further comprising a tube coupled to the first insulated 



30 conductor, wherein 



the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 



3312. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 



10 



3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overbu/den casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



15 



20 



3314. The system of claim 3283 Jurther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the ove/burden casing is further disposed in cement. 



25 



3315. The system of claim ^283, further comprising an overburden casing coupled to 
the open wellbore, whereirythe overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open welLoore. 

33 1 6. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wMerein the overburden casing is disposed in an overburden of the 
formation, wherein af packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



30 



33 1 7. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 
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33 1 8. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing ~ 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

5 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one scaling flange is configurable to couple to the lead-in 
conductor. / 

3319. The system of claim 3283,/wherein the system is further configured to transfer 

10 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 

3320. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
15 at least a portion of the formation, wherein the insulated conductor is disposed within an 
open wellbore in the formation; and 

allowing the radiant heat to transfer from the insulated conductor to a selected 
section of the formation/ 

20 3321 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. 

3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
25 member with a qentralizer. 



3323. The method of claim 3320, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
30 conductors are electrically coupled in a 3-phase Y configuration. 
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3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 

/ 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 



3326. The method of claim 3320, whe/ein an additional insulated conductor is disposed 
within the open wellbore, and whereiiythe insulated conductor and the additional 

1.0 insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320,Xvherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

15 3328. The method of claim 33y20, wherein the insulated conductor comprises a 

conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alfoy. 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
20 conductor disposed in an electrically insulating material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nick/el by weight to approximately 12 % nickel by weight. 

3330. The method oflclaim 3320, wherein the insulated conductor comprises a 
25 conductor disposed in an electrically insulating material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3331. Themetho 
30 conductor disposec 
insulating material 



of claim 3320, wherein the insulated conductor comprises a 
in an electrically insulating material, and wherein the electrically 
comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
5 comprises a thickness of at least approximately 1 /mm. 



10 



15 



3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grai/ particles are configured to occupy porous spaces 
within the magnesium oxide. 



20 



3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and Wnerein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member jmd flowing a fluid into the open wellbore through an orifice in the 
support member. 



3338. The method of claim 3320, further comprising supporting the insulated conductor 
30 on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 



10 



15 



3340. The method of claim 3320, wherein/a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid intf the open wellbore through critical flow orifices 
in the tube. 

3341 . The method of claim 3320, fyrther comprising supporting the insulated conductor 
on a support member and flowing ^corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 

3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insufated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 



m 



3343. The method of claim 3320, further comprising determining a temperature 
20 distribution in the insulajfed conductor using an electromagnetic signal provided to the 
insulated conductor. 



25 



3344. The method </f claim 3320, further comprising monitoring a leakage current of the 
insulated conductor/ 

3345. The methop of claim 3320, further comprising monitoring the applied electrical 
current. 



3346.. The method of claim 3320, further comprising monitoring a voltage applied to the 
30 insulated conductor. 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using #cold pin transition conductor. 

3350. The method of claim 3320, further/comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises/a substantially low resistance insulated 
conductor. 

3351. The method of claim 3320, farther comprising coupling an overburden casing to 
the open wellbore, wherein the ovei/ourden casing is disposed in an overburden of the 
formation. 



20 3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3320, further comprising coupling an overburden casing to 
25 the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3355. The method of claim 3320, further compj^sing coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 



5 the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further/ comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

10 3357. An in situ method for heating af coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein tne insulated conductor is disposed within an opening 
in the formation; and / 

allowing the heat to transfer from the insulated conductor to a section of the 
15 formation. / 

3358. The method of claim 3 351, further comprising supporting the insulated conductor 
on a support member. / 

20 3359. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizes 

3360. The method of claim 3357, wherein the insulated conductor is coupled to two 
25 additional insulated conductors, wherein the insulated conductor and the two insulated 

conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3361 . The method of claim 3357, wherein an additional insulated conductor is disposed 
30 within the opening. I 
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3362. The method of claim 3 3 57, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated/conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3364. The method of claim 3357, wherej/h the provided heat comprises approximately 
10 500 W/m to approximately 1150 W/m. 

3365. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically/insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 



15 



20 



25 



3366. The method of claim 335#, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3367. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nicwel by weight to approximately 6 % nickel by weight. 

3368. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed im an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



30 3369. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3370. The method of claim 3357, wherein/the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 



3371 . The method of claim 3357, whe/ein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 

10 insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the graif particles are configured to occupy porous spaces 
within the magnesium oxide. 

3372. The method of claim 335/, wherein the insulated conductor comprises a 
15 conductor disposed in an electrically insulating material, wherein the insulating material 

is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 



20 



3373. The method of claim p357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and/wherein the sheath comprises stainless steel. 



25 



3374. The method of claflm 3357, further comprising supporting the insulated conductor 
on a support member ancj flowing a fluid into the opening through an orifice in the 
support member. 

3375. The method of ilaim 3357, further comprising supporting the insulated conductor 
on a support member ind flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 
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3376. The method of claim 3357. wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

/ 

/ 

5 3377. The method of claim 3357, wherein a tube is disposed in the opening proximate to 
the insulated conductor the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 3357, farther comprising supporting the insulated conductor 
10 on a support member and flowing p. corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

'% 3379. The method of claim 3i57, wherein a perforated tube is disposed in the opening 

3 proximate to the insulated conductor, the method further comprising flowing a corrosion 

M 15 inhibiting fluid into the opening through the perforated tube. 



3380. The method of cla/m 3357, further comprising determining a temperature 
distribution in the insula/ed conductor using an electromagnetic signal provided to the 
insulated conductor. 



20 



3381 . The method of claim 3357, further comprising monitoring a leakage current of the 
insulated conductor. , 

3382. The method/of claim 3357, further comprising monitoring the applied electrical 
25 current. 

3383. The method of claim 3357, further comprising monitoring a voltage applied to the 
insulated conductor. 

30 3384. The metliod of claim 3357, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 3357, further comprising electrically coupling a lead-in 
10 conductor to the insulated conductor using a cold pin transition conductor, wherein the 

cold pin transition conductor con^prises a substantially low resistance insulated 
conductor. 

3388. The method of claim 3^57, further comprising coupling an overburden casing to 
15 the opening, wherein the ove/burden casing is disposed in an overburden of the 

formation. 



20 



3389. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein thJoverburden casing is disposed in an overburden of the 
formation, and wherein/the overburden casing comprises steel. 



25 



30 



3390. The method oy claim 3357, further comprising coupling an overburden casing to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3391. The method/of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

5 / 

3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze a/ least some hydrocarbons within the formation. 

3394. A system configured to heat a coal formation, comprising: 

10 an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configurer to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

15 wherein the system is/configured to allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 



20 



3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 



during use. 



3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 



25 3397. The system of claim 3394, further comprising a support member and a centralizes 
wherein the support member is configured to support the insulated conductor, and 
wherein the centrawzer is configured to maintain a location of the insulated conductor on 
the support member. 

30 3398. The systerfr of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 dm. 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

/ 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-/n conductor comprises a rubber insulated 
conductor. 

10 3401. The system of claim 3394, /urther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the Lead-in conductor comprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a col<jl pin transition conductor. 

15 

3403. The system of claim £394, further comprising a lead-in conductor coupled to the 
insulated conductor with a oold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

20 3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3405. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
25 electrically insulating /material, and wherein the electrically insulating material comprises 
magnesium oxide. 



3406. The system df claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 



30 magnesium oxide, 



ind wherein the magnesium oxide comprises a thickness of at least 



approximately 1 mn. 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

5 / 

3408. The system of claim 3394, wherein/the copper-nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 
10 / 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

15 3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material; wherein the electrically insulating material is disposed in 
a sheath, and wherein the sh?ath comprises stainless steel. 

3411. The system of claim 3394, further comprising two additional insulated 
20 conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



25 



3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



30 



3413. The system of ilaim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

/ 

3415. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 

3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein tMe support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening durin&use. 

3417. The system of claim 3394, funher comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. / 

3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount i)f fluid flow through the support member into the opening 
during use. 

3419. The system of ciai 
the opening, wherein the c 
formation. / 

3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3394, further comprising an overburden casing coupled to 
/erburden casing is disposed in an overburden of the 
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3421. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is ^disposed at a junction of the overburden 
casing and the opening. 

3423. The system of claim 3394, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material jk disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3424. The system of claim 3394,marther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system furtner comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

25 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at l^ast the one sealing flange is configured to couple to the lead-in 
conductor. 

3426. The system of/claim 3394, wherein the system is further configured to transfer 
30 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to /be disposed within an opening in the 

formation, wherein the insulated conductor is further configurable to provide heat to at 

/ 

i 

least a portion of the formation during use, therein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application/ of an electrical current to the insulated conductor 
during use. 



15 3429. The system of claim 3427. further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 



20 



3430. The system of claim 3427, further comprising a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer /s configurable to maintain a location of the insulated conductor 
on the support membei/ 



25 



343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cr 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

h 

3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead/in conductor comprises a copper wire. 



3435. The system of claim 3427, ftrther comprising a lead-in conductor coupled to the 
insulated conductor with a cold pirn transition conductor. 

3436. The system of claim 342# ? further comprising a lead-in conductor coupled to the 
insulated conductor with a coldr pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



15 3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3438. The system of dlaim 3427, wherein the copper-nickel alloy is disposed in an 

20 electrically insulating /naterial, and wherein the electrically insulating material comprises 
magnesium oxide. 

3439. The system ©f claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

25 magnesium oxide, /and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 

30 aluminum oxide and magnesium oxide. 
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3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



10 3443. The system of claim 3427,Avherein the copper-nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheatM comprises stainless steel. 

3444. The system of claim |427, further comprising two additional insulated 
15 conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 



20 



3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and Wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



25 



3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, amd wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



30 



3447. The systeip 
generate radiant 



of claim 3427, wherein the insulated conductor is configurable to 
Heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. / 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening du/ing use. 

3450. The system of claim 3427/ further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. 



15 3451. The system of claimy3427, further comprising a tube coupled to the insulated 
conductor, wherein the tubje comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 

20 3452. The system of ^laim 3427, further comprising an overburden casing coupled to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation. 



3453. The system of claim 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3454. The 
the opening, 
formation, and u 



systerfn of claim 3427, further comprising an overburden casing coupled to 
whefrein the overburden casing is disposed in an overburden of the 
lerein the overburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



10 



3456. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is/disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



15 



3457. The. system of claim 3427 Jfurther comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereinythe packing material comprises cement. 



O 3458. The system of claim 3427, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 
=P formation, the system further comprising a wellhead coupled to the overburden casing 

y[ 20 and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

disposed external to the/overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at /east the one sealing flange is configurable to couple to the lead-in 
conductor. 

25 3459. The system di claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3460. An in situ Method for heating a coal formation, comprising: 
30 applying an electrical current to an insulated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises. a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. / 
5 / 

3461 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. / 

3462. The method of claim 3460, further comprising supporting the insulated conductor 
10 on a support member and maintaining I location of the first insulated conductor on the 

support member with a centralizes / 

3463. The method of claim 3460/wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 

15 conductors are disposed within /he opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 

3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. / 

20 / 

3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

25 3466. The methocyof claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3467. The method of claim 3460, wherein the provided heat comprises approximately 
30 500 W/m to approximately 1 1 50 W/m. 



\ 
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3468. The method of claim 3460. wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

/ 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 

5 electrically insulating material, and wherein the Electrically insulating material comprises 
magnesium oxide. / 

3470. The method of claim 3460, wherein /he copper-nickel alloy is disposed in an 
electrically insulating material wherein Xht electrically insulating material comprises 

10 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. / 

3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, ana wherein the electrically insulating material comprises 

1 5 aluminum oxide and magnesium fcxide. 

3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 

20 the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath Comprises a corrosion-resistant material. 

25 / 

3474. The method of/claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating/material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460. further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 



5 3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 



3477. The method of claim 3460, wheifein a perforated tube is disposed in the opening 
10 proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated ftibe. 



15 



3478. The method of claim 3460/wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening prough critical flow orifices in the tube. 



20 



3479. The method of claim 3A60, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

3480. The method of claiAi 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulatectf conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



25 3481. The method of claim 3460, further comprising determining a temperature 

distribution in the insufated conductor using an electromagnetic signal provided to the 
insulated conductor. 



3482. The method of claim 3460, further comprising monitoring a leakage current of the 
30 insulated conductor. 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

3484. The method of claim 3460,. further comprising monitoring a voltage applied to the 
insulated conductor. / 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further ^comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor/comprises a substantially low resistance insulated 
conductor. / 

3489. The method of clafim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whenein the overburden casing comprises steel. 
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3491. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

I 

5 3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. 

10 3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

15 3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrdlyze at least some hydrocarbons within the formation. 



3495. A system configured to heat a coal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation. 

wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 

configuration, and wherein it least the three insulated conductors are configured to 

provide heat to at least a portion of the formation during use; and 

wherein the system/is configured to allow heat to transfer from at least the three 

insulated conductors to a selected section of the formation during use. 



20 



25 



3496. The system of clafim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 



30 3497. The system of jblaim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 
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3498. The system of claim 3495, further comprising a support member and a centralizes 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 

5 three insulated conductors on the support member. 

3499. The system of claim 3495, wherein yie opening comprises a diameter of at least 
approximately 5 cm. 

10 3500. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance/conductor configured to generate substantially no 
heat. 



J£ 15 



n 



3501 . The system of claim 3495/ further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



3502. The system of claim #495, further comprising at least one lead-in conductor 
20 coupled to at least the three/insulated conductors, wherein at least the one lead-in 
conductor comprises a comer wire. 



25 



3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the tnree insulated conductors with a cold pin transition conductor. 

3504. The system oy claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pim transition conductor comprises a substantially low resistance 
insulated conductor 
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3505. The system of claim 3495. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material and wherein the 
electrically insulating material is disposed in a sheath. 



5 3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material and wherein the 
conductor comprises a copper-nickel alloy/ 

3507. The system of claim 3495, whe/ein at least the three insulated conductors 
10 comprise a conductor disposed in an Electrically insulating material, wherein the 

conductor comprises a copper-nicked alloy, and wherein the copper-nickel alloy- 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495, wherein at least the three insulated conductors 
15 comprise a conductor dispos/d in an electrically insulating material, w ; herein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately/2 % nickel by weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495, wherein at least the three insulated conductors 

20 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



25 



35 10. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



30 



3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 
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3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495. wherein me insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3514. The system of claim 3495, ^herein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is/disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3A95, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating mater/al is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3516. The system of clami 3495, wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 1 50 
W/m of at least the three insulated conductors during use. 



25 3517. The system of dlaim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to/provide fluid flow through the support member into the opening 
durine use. 



30 35 1 8. The system <f>f claim 3495, further comprising a support member configured to 
support at least the i hree insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow- 
through the support member into the opening during use. 



3519. The system of claim 3495 , further comprising a tube coupled to at least the three 
5 insulated conductors, wherein the tube is configured/io provide a flow of fluid into the 

opening during use. i 

3520. The system of claim 3495, further composing a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 

10 provide a substantially constant amount of fluid flow through the support member into 
the opening during use. / 

3521 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

15 formation. / 



3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overpurden casing comprises steel. 

20 / 

3523. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the ove/burden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

25 3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein k packing material is disposed at a junction of the overburden 
casing and the opening 

30 3525. The system ofl claim 3495, further comprising an overburden casing coupled to 
the opening, wherein! the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

5 3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing As disposed in an overburden of the 
formation, wherein a packing material is d/sposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

10 3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden^asing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburaen, wherein the wellhead comprises at least one sealing 

15 flange, and wherein at least the/one sealing flange is configured to couple to the lead-in 
conductor. / 

3528. The system of clairry3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

20 section. / 

3529. A system configurable to heat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
25 in a 3-phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide heat to at least a portion of the formation during use: and 

wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 
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3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application 7 of an electrical current to at least 
the three insulated conductors during use. 

5 3531. The system of claim 3529, further compris/ng a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 
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3532. The system of claim 3529, further comprising a support member and a centralizes 
wherein the support member is configurable/to support at least the three insulated 
conductors, and wherein the centralizer is Configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of claim 3529/ further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low res/stance conductor configurable to generate substantially no 
heat. 

3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a mbber insulated conductor. 



25 3536. The system of dlaim 3529, further comprising at least one lead-in conductor 
coupled to at least the/three insulated conductors, wherein at least the one lead-in 
conductor comprises/a copper wire. 



3537. The system/of claim 3529, further comprising at least one lead-in conductor 
30 coupled to at least/the three insulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors withfa cold pin transition conductor, 
wherein the cold pin transition conductor comprises k substantially low resistance 
insulated conductor. / 

3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electricall/ insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3540. The system of claim 3529, whereiryat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nicncel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % iyckel by weight to approximately 12 % nickel by weight. 

3542. The system of claim ^529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3543. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor/disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3544. The systeny of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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3545. The system of claim 3529. wherein at least^he three insulated conductors 

j 

comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 
5 / 

3546. The system of claim 3529, wherein m least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises Aluminum oxide and magnesium oxide. 

10 3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are Configurable to occupy porous spaces within the 
magnesium oxide. 



15 
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3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating materi/l is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant materi/l. 

3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system J>f claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m durine use. 



30 355 1 . The system of claim 3529, further comprising a support member configurable to 
support at least tne three insulated conductors, wherein the support member comprises 



25 



722 



Conley, Rose & Tayon. P.C. 



orifices configurable to provide fluid flow through thh support member into the opening 
during use. / 

3552. The system of claim 3529, further comprising a support member configurable to 
5 support at least the three insulated conductors, Avherein the support member comprises 

critical flow orifices configurable to provide i substantially constant amount of fluid flow 
through the support member into the opening during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
10 insulated conductors, wherein the tube/is configurable to provide a flow of fluid into the 

opening during use. 



15 



3554. The system of claim 3529,/fiirther comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant/imount of fluid flow through the support member into 
the opening during use. 



20 



3555. The system of clainV 3529, further comprising an overburden casing coupled to 
the opening, wherein the (jVerburden casing is disposed in an overburden of the 
formation. 



25 



3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein t*ie overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system pf claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
5 the opening, wherein the overburden casing indisposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

10 3560. The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

15 3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further Comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

20 flange, and wherein at least/ the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

25 section. / 

3563. An in situ method for heating a coal formation, comprising: 

applying an ejlectrical current to at least three insulated conductors to provide heat 
to at least a portion ©f the formation, wherein at least the three insulated conductors are 
30 disposed within an opening in the formation; and 
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allowing the heat to transfer from at least the three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member. 



3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 

10 / 

3566. The method of claim 3563 Ywherein the provided heat comprises approximately 
500 W/m to approximately 1 1 50 AV/m. 

3567. The method of claim 3563. wherein at least the three insulated conductors 

15 comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copuer-nickel alloy. 



20 



3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises aJeopper-nickel alloy, and wherein the copper-nickel alloy 
comprises approxima/ely 7 % nickel by weight to approximately 12 % nickel by weight. 



25 



3569. The method/of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



30 



3570. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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3571 . The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises nriagnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an Electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3573. The method of claim 356G, wherein at least the three insulated conductors 
comprise a conductor disposed/in an electrically insulating material, wherein the 
electrically insulating materia/ comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the grain particles are configured to occupy 
porous spaces within the magnesium oxide. 

3574. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. / 

3575. The method df claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. / 

3576. The methid of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the /support member. 
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3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member andilowing a substantially constant am 
fluid into the opening through critical flow orifices in the support member. 



3578. The method of claim 3563. wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening througn the perforated tube. 

3579. The method of claim 3563, wperein a tube is disposed in the opening proximate to 
10 at least the three insulated conductors, the method further comprising flowing a 

substantially constant amount a fljiid into the opening through critical flow orifices in the 
tube. 

3580. The method of claim 33^63, further comprising supporting at least the three 
15 insulated conductors on a support member and flowing a corrosion inhibiting fluid into 

the opening through an orifice in the support member. 
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3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the tnree insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 



25 



3582. The method of daim 3563, further comprising determining a temperature 
distribution in at least tne three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method o| claim 3563, further comprising monitoring a leakage current of at 
least the three insulated conductors. 



3584. The method (pf claim 3563, further comprising monitoring the applied electrical 
30 current. 
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3585. The method of claim 3563. further comprising monitoring a voltage applied to at 
least the three insulated conductors. / 



3586. The method of claim 3563,. further comprising monitoring a temperature in at 
least the three insulated conductors with at leapt one thermocouple. 

3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 

3589. The method of claim 3563, rurther comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. / 

3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3591 . The method of clafim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereirythe overburden casing comprises steel. 

3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



10 



3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3595. The method of claim 3563, further comprising heating at least the portion of the 
formation to substantially pyrolyze ft least some of the hydrocarbons within the 
formation. 



15 3596. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
20 to a section of the formation during use. 

3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

25 3598. The system offclaim 3596, wherein the first conductor comprises a pipe. 



30 



3599. The system df claim 3596, wherein the first conductor comprises stainless steel. 



3600. The system 



Df claim 3596, wherein the first conduit comprises stainless steel. 
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3601 . The system of claim 3596. further comprising a centralizer configured to maintain 
a location of the first conductor within the first/ conduit. 



3602. The system of claim 3596. further comprising a centralizer configured to maintain 
5 a location of the first conductor within the f/rst conduit, wherein the centralizer comprises 

ceramic material. 

3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor withip the first conduit, wherein the centralizer comprises 

10 ceramic material and stainless steel. 

3604. The system of claim 3596/wherein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of claim 35^6. further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein toe lead-in conductor comprises copper. 

3607. The system of claim 3596. further comprising a sliding electrical connector 
coupled to the first conductor. 

25 3608. The system off claim 3596, further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3609. The system/of claim 3596. further comprising a sliding electrical connector 
30 coupled to the firsl conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the/first conduit. 

3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electricafl connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than the first {Conductor or the second conductor during 
use. 

3611. The system of claim 3596, whereii/the first conduit comprises a first section and 
a second section, wherein a thickness of me first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less thaniieat radiated from the first conductor to the section 
along the second section of the condyit. 

3612. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformatioiyof the first conduit during use. 



20 3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. 



25 



3614. The system of claimf 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 



30 



3615. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 



731 



Conley. Rose &. Tayon : P C 



\ 

3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the openirfg to substantially inhibit deformation 

5 of the first conduit during use. / 

361 7. The system of claim 3596, wherein theiirst conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

10 361 8. The system of claim 3596. further jcomprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the thi/d conduit are disposed in different openings of the 
formation, wherein the first conducto/ is electrically coupled to the second conductor and 
the third conductor, and wherein the' first second, and third conductors are configured to 

15 operate in a 3-phase Y configuration during use. 

3619. The system of claim 3596. further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

20 / 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, whereinAhe second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 



25 3621 . The system of claim 3596, further comprising an overburden casing coupled to 
the opening, whereinAhe overburden casing is disposed in an overburden of the 
formation. 

3622. The systerryof claim 3596. further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wmerein the overburden casing comprises steel. 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



10 



15 



3624. The system of claim 3596, further/comprising an overburden casing coupled to 
the opening, wherein the overburden cas/ng is disposed in an overburden of the 
formation, and wherein a packing mate/ial is disposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing mat/erial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between |he opening and the overburden casing during use. 



20 



3626. The system of claim $596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



25 



3627. The system of claim 3596. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and Wnerein the substantially low resistance conductor comprises carbon 
steel. 



30 



3628. The system/of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centrjalizer configured to support the substantially low resistance conductor 
within the overburden casing. 
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3629. The system of claim 3596, wherein thejheated section of the formation is 
substantially pyrolyzed. 

5 3630. A system configurable to heat a coatfformation, comprising: 

a first conductor configurable to be/disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 
10 wherein the system is configurable to allow heat to transfer from the first 

conductor to a section of the formation during use. 

363 1 . The system of claim 3630, ^herein the first conductor is further configurable to 
generate heat during application oi an electrical current to the first conductor. 

15 

3632. The system of claim 363j6, wherein the first conductor comprises a pipe. 

3633. The system of claim 3030, wherein the first conductor comprises stainless steel. 

20 3634. The system of claim £630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the/first conductor within the first conduit. 



25 3636. The system of claim 3630, further comprising a centralizer configurable to 

maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic maierial. 



3637. The system of claim 3630, further comprising a centralizer configurable to 
30 maintain a location off the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 



Conley, Rose & Tayon. P C. 



3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 



5 3639. The system of claim 3630. further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
10 first conductor, wherein the lead-in conduc/or comprises copper. 

3641 . The system of claim 3630, furth^fr comprising a sliding electrical connector 
coupled to the first conductor. 

15 3642. The system of claim 3630, farther comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3643. The system of claim 3630, further comprising a sliding electrical connector 
20 coupled to the first conductor/ wherein the sliding electrical connector is further coupled 

to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim 3630, further comprising a second conductor disposed within 
25 the first conduit and at least one sliding electrical connector coupled to the first conductor 

and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. 



30 3645. The system/of claim 3630, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

5 3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable Xa maintain a pressure within the first conduit 
to substantially inhibit deformation of the/first conduit during use. 

3647. The system of claim 3630, further comprising a thermally conductive fluid 
10 disposed within the first conduit. 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit, ^herein the thermally conductive fluid comprises 
helium. 
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3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

20 3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated Abortion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit dipng use. 

25 

365 1 . The system hf claim 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3652. The systdm of claim 3630, further comprising a second conductor disposed within 
30 a second conduit and a third conductor disposed within a third conduit, wherein first 

conduit, the seqfond conduit and the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 

the third conductor, and wherein the first, secondhand third conductors are configurable 

/ 

to operate in a 3 -phase Y configuration during u^e. 

5 3653. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3654. The system of claim 3630. further comprising a second conductor disposed within 
10 the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 



15 



3655. The system of claim 3630 Jfurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



20 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the /overburden casing comprises steel. 

3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 3658. The system of claim 3630. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 3659. The systefrn of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

5 3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low res/stance conductor is electrically coupled to the 
first conductor. / 

10 3661 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low/resistance conductor disposed within the overburden 
casing, wherein the substantially lAv resistance conductor is electrically coupled to the 
first conductor, and wherein the Substantially low resistance conductor comprises carbon 
steel. / 

15 / 

3662. The system of claim 363 0, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. 

20 / 

3663. The system of claim 3630, wherein the heated section of the formation is 
substantially pyrolyzed/ 

3664. An in situ mepod for heating a coal formation, comprising: 

25 applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first ccmduit is disposed within an opening in the formation; and 

allowing tHe heat to transfer from the first conductor to a section of the formation. 

30 3665. The method of claim 3664, wherein the first conductor comprises a pipe. 
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3666. The method of claim 3664. wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein the fij/st conduit comprises stainless steel. 

5 3668. The method of claim 3664. further comprising maintaining a location of the first 
conductor in the first conduit with a centralizes 

3669. The method of claim 3664, furtherytomprising maintaining a location of the first 
conductor in the first conduit with a centj&lizer, wherein the centralizer comprises 

10 ceramic material. 

3670. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a/central izer, wherein the centralizer comprises 
ceramic material and stainless steel/ 
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3671 . The method of claim 36<fK further comprising coupling a sliding electrical 
connector to the first conductor/ 

3672. The method of claim 2664. further comprising electrically coupling a sliding 
20 electrical connector to the fi/st conductor and the first conduit, wherein the first conduit 

comprises an electrical lea<^ configured to complete an electrical circuit with the first 
conductor. 

3673. The method of cldim 3664, further comprising coupling a sliding electrical 
25 connector to the first ccpductor and the first conduit, wherein the first conduit comprises 

an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated/heat comprises approximately 20 percent generated by the first 
conduit. 



30 3674. The method pf claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

5 3676. The method of claim 3664. further comprising monitoring the applied electrical 
current. 



□ 
03 

■F 

H 
■P 
■P 

ru 

s 

o 

m 

4= 
o 
u. 



10 



15 



20 



3677. The method of claim 3664. fiirthe/ comprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3679. The method of claim 3664l further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3680. The method of claim/>664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 



3681 . The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein th'e overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whdrein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3683. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing ; and wherein the substant/ally low resistance conductor is electrically 
coupled to the first conductor. / 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. / 

3686. The method of claim 3664/ further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, And wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. / 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low- 
resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first Conductor, wherein the lead-in conductor comprises copper. 
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3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 

5 3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664. further comprising providing a thermally conductive 
fluid within the first conduit, wherein the Jhermally conductive fluid comprises helium. 

10 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693.. The method of claim 3664, further comprising removing a vapor from the 
15 opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 366A, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

20 

3695. The method of claim i664, wherein a second conductor is disposed within the 
first conduit wherein the sedond conductor is electrically coupled to the first conductor to 
form an electrical circuit. 

25 3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein th^f second conductor is electrically coupled to the first conductor 
with a connector. 

3697. The method of/claim 3664, wherein a second conductor is disposed within a 
30 second conduit and a third conductor is disposed within a third conduit, wherein the 

second conduit and tme third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third/conductors are configured to operate 
in a 3-phase Y configuration. 
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3698. The method of claim 3664, wherein ar second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, an<y wherein heat generated by at least the one 
sliding electrical connector is less thanyfieat generated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickn^s of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is lessAhan heat radiated from the first conductor to the section 
along the second section of the donduit. 

3700. The method of claim ^664, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit/ 



20 3701 . The method of claim 3664, further comprising disposing a perforated tube 

proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 



15 
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3702. The method of c/laim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second ccpductor disposed in a second conduit, wherein the second conduit is 
disposed within a second opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein/the first, second, and third conductors 
are electrically coupled in a 3-phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide hefl to at least a portion of the formation 
5 during use; and 

wherein the system is configured tc/allow heat to transfer from the first, second, 
and third conductors to a selected sectioiyof the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 
10 further configured to generate heat d/ring application of an electrical current to the first 
conductor. 



15 



3705. The system of claim 370/. wherein the first second, and third conductors 
comprise a pipe. 

3706. The system of claimy^703, wherein the first, second, and third conductors 
comprise stainless steel. 



3707. The system of claim 3703, wherein the first, second, and third openings comprise 
20 a diameter of at least approximately 5 cm. 



25 



3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

3709. The systefm of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703. further comprising a second sliding electrical 
connector coupled to the second conductor, whereiii the second sliding electrical 
connector is further coupled to the second conduit. 

3711. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the tjiird sliding electrical connector is further 
coupled to the third conduit. 



m 



10 



15 



20 



3712. The system of claim 3703, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to /he section along the first section of each of the 
conduits is less than heat radiated frfm the first, second, and third conductors to the 
section along the second section of/each of the conduits. 

3713. The system of claim 3703^ further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantial!}* inhibit deformation of the first, second, and third 
conduits during use. 

3714. The system of claim/3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 



3715. The system of claim 3703. further comprising a thermally conductive fluid 
25 disposed within the firs/, second, and third conduits, wherein the thermally conductive 
fluid comprises helii 



30 



3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third comduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, sejcond, and third conductors and the first, second, and third conduits 
during use. 
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3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 

5 heated portion of the formation such that a p/essure balance is maintained between the 
first, second, and third conduits and the firtt, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 

10 further configured to generate radiant/ heat of approximately 650 W/m to approximately 
1650 W/m during use. / 

3719. The system of claim 3703( further comprising at least one overburden casing 
coupled to the first, second, ancythird openings, wherein at least the one overburden 

15 casing is disposed in an overburden of the formation. 

3720. The system of claim p 703, further comprising at least one overburden casing 
coupled to the first, second( and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 

20 overburden casing comprises steel. 

3721 . The system of fclaim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 

25 overburden casing is further disposed in cement. 

3722. The system of claim 3703. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 

30 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 
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3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
5 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and/hird opening and at least the one overburden 
casing during use. 

10 3724. The system of claim 3703, wherein the heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to he disposed within a third opening in the formation, wherein 
the first, second, and third/conductors are further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use: and 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 



15 



20 
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3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. 



30 3727. The systepn of claim 3725, wherein the first, second, and third conductors 
comprise a pipe! 



Conley : Rose & Tayon. P.C. 



3728. The system of claim 3725, wherein the /irst, second, and third conductors 
comprise stainless steel. 

5 3729. The system of claim 3725, whereij/the first, second, and third opening comprise a 
diameter of at least approximately 5 cmJ 



10 



3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a ^econd sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 
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373 L The system of claim 3726, further comprising a first sliding electrical connector 
coupled to the first conductor, ^herein the first sliding electrical connector is further 
coupled to the first conduit. 

3732. The system of clairnf 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3733. The system of cflaim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third donduit. 



25 



3734. The systeny of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, ana third conductors to the section along the first section of each of the 
conduits is less ithan heat radiated from the first, second, and third conductors to the 
section along tifre second section of each of the conduits. 



30 
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3735. The system of claim 3725 ; further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is/configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3737. The system of claim 3725, farther comprising a thermally conductive fluid 
10 disposed within the first, second a^d third conduits, wherein the thermally conductive 

fluid comprises helium. 

3738. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 

15 between the first, second, and^hird conductors and the first, second, and third conduits 
during use. 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and thirdf openings external to the first, second, and third conduits, 

20 wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the fo/mation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



25 3740. The system Af claim 3725, wherein the first, second, and third conductors are 

further configurable to generate radiant heat of approximately 650 W/m to approximately 
1 650 W/m during Juse. 



374L The sy stein of claim 3725, further comprising at least one overburden casing 
30 coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 
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3742. The system of claim 3725, farther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 

3743. The system of claim 3725, furthfer comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden pf the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, ana third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 

3745. The system of claiAi 3725, further comprising at least one overburden casing 
coupled to the first, secomd, and third openings, wherein at least the one overburden 
casing is disposed in anjoverburden of the formation, wherein a packing material is 
disposed at a junction rff at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid betwafen the first, second, and third opening and at least the one 
overburden casing during use. 



3746. The system of claim 3725, wherein the heated section of the formation is 
substantially pyrolyzed. 

3747. An in sim method for heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within^ first opening in the formation; 

applying an electrical current to a/econd conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer from the first, second, and third conductors to a 
selected section of the formation^ 

3748. The method of claim 3/47, wherein the first, second, and third conductors 
comprise a pipe. 

3749. The method of claii/i 3747, wherein the first, second, and third conductors 
comprise stainless steel. 



3750. The method of c/aim 3747. wherein the first, second, and third conduits comprise 
20 stainless steel. 



3751 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

25 3752. The method of claim 3747, further comprising determining a temperature 
distribution in the ffirst, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 



3753. The met 
30 current. 



bd of claim 3747, further comprising monitoring the applied electrical 
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3754. The method of claim 3747, further compri; 
first, second, and third conductors. / 



^ng monitoring a voltage applied to the 



3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least/one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the/first, second, and third conduits. 

3757. The method of claim 3747, mrther comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first second, arjtl third conduits, wherein the thermally conductive fluid 
comprises helium. 

3759. The method of clainV3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 

3760. The method of maim 3747, further comprising removing a vapor from the first, 
second, and third opemngs using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first,/second, and third openings. 

3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section ana a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to thfe section along the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 



3762. The method of claim 3747, .further comprising flowing an oxidizing fluid through 
5 an orifice in the first, second, and third conducts. 

3763. The method of claim 3747, furthei/comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

10 3764. A system configured to heat ^coal formation, comprising: 

a first conductor disposed in/a conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
15 second conductors are configu/ed to provide heat to at least a portion of the formation 
during use; and 

wherein the system i^ configured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

20 3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3766. The system oy claim 3764, wherein the first and second conductors comprise a 
pipe. 



25 



3767. The systenyof claim 3764, wherein the first and second conductors comprise 
stainless steel. 



30 



3768. The system of claim 3764, wherein the conduit comprises stainless steel. 
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3769. The system of claim 3764, further comprising sf centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors wjthin the conduit, wherein the centralizer 
comprises ceramic material. 



10 



3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material and stainless/steel. 
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3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3773. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 37y64, further comprising a lead-in conductor coupled to the 
20 first and second conductors, wherein the lead-in conductor comprises copper. 

3775. The system of clainy 3764, wherein the conduit comprises a first section and a 
second section, wherein a mickness of the first section is greater than a thickness of the 
second section such that neat radiated from the first conductor to the section along the 

25 first section of the condiflt is less than heat radiated from the first conductor to the section 
along the second sectioA of the conduit. 



30 



3776. The system ofvclaim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 
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3777. The system of claim 3764. further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
5 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 
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3779. The system of claim 3764. further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opg/ning to substantially inhibit deformation of the conduit 
during use. 



20 



3781 . The system of claim/$764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764 5 further comprising an overburden casing coupled to 
the opening, wherein tpe overburden casing is disposed in an overburden of the 
formation. 



25 3783. The system off claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3784. Thesyste 
30 the opening, whe 



i of claim 3764, further comprising an overburden casing coupled to 
ein the overburden casing is disposed in an overburden of the 



formation, and w lerein the overburden casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3786. The system of claim 3764, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between thef opening and the overburden casing during use. 

3787. The system of claim 3J64. wherein the heated section of the formation is 
substantially pyrolyzed. / 

3788. A system configurable to heat a coal formation, comprising: 

a first conductoryfconfigurable to be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled to the first conductor with a 
connector, and wherein the first and second conductors are further configurable to 
provide heat to at/least a portion of the formation during use; and 

wherein pe system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heal during application of an electrical current to the first conductor. 

3790. Thd system of claim 3788, wherein the first and second conductors comprise a 
pipe. / 
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3791 . The system of claim 3788. wherein the fir^f and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 

3793. The system of claim 3788, further /comprising a centralizer configurable to 
maintain a location of the first and secora conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material. 

3795. The system of claim 378^8, further comprising a centralizer configurable to 
maintain a location of the first/and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of claiip 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. The system/of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, Avherein a thickness of the first section is greater than a thickness of the 
second section/such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

/ { 

3801 . The system of claim 3788. fucther comprising a thermally conductive fluid 
disposed within the conduit. / 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3803. The system of claimy3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. / 

3805. The system of claim 3788, wherein the first and second conductors are further 
configurable tb generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during Aise. 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3809. The system of claim 3788. furtner comprising an overburden casing coupled to 
10 the opening, wherein the overburden easing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
1 5 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereiu the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

20 3811. The system of cla/m 3788, wherein the heated section of the formation is 
substantially pyrolyzed. 

3812. An in situ metMod for heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
25 a portion of the formation, wherein at least the two conductors are disposed within a 

conduit, wherein the conduit is disposed within an opening in the formation, and wherein 

at least the two conductors are electrically coupled with a connector; and 

allowing hjfeat to transfer from at least the two conductors to a selected section of 

the formation. 



30 



3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 
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3814. The method of claim 3812, wherein at lea/t the two conductors comprise stainless 
steel. 

5 3815. The method of claim 3812, wherein the conduit comprises stainless steel. 

3816. The method of claim 3812, furthe/ comprising maintaining a location of at least 
the two conductors in the conduit with i centralizer. 

10 3817. The method of claim 3812, farther comprising maintaining a location of at least 
the two conductors in the conduit \/ith a centralizer, wherein the centralizer comprises 
ceramic material. 

3818. The method of claim 3S12, further comprising maintaining a location of at least 
15 the two conductors in the conduit with a centralizer, wherein the centralizer comprises 

ceramic material and stainless steel 

3819. The method of claftn 3812, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

20 

3820. The method of /claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

382 1 . The methoc/ of claim 3812, further comprising monitoring the applied electrical 
25 current. 

3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductors. 



30 3823. The mpthod of claim 3812, further comprising monitoring a temperature in the 
conduit with it least one thermocouple. 



\ 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed^ in an overburden of the 
formation. 

3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 
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10 3826. The method of claim 381 2, further ydomprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

3827. The method of claim 3812, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. 

3828. The method of claim 3/812, further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



25 



3829. The method of c/aim 3812, further comprising maintaining a sufficient pressure 
between the conduit an/1 the formation to substantially inhibit deformation of the conduit. 



3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. 



30 3831. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 
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3832. The method of claim 3812. further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 



/ 



/ 

3833. The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proxirr^ite to the conduit in the opening to 
control a pressure in the opening. 



3834. The method of claim 3812, further comprising flowing a corrosion inhibiting fluid 
10 through a perforated tube disposed proximate to the conduit in the opening. 



15 



3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thicknessyof the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less/than heat radiated from the first conductor to the section 
along the second section of the conduit. 



20 



3836. The method of claim/3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3837. The method of cl^im 3812, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 3812, further comprising heating at least the portion of the 
25 formation to substantially pyrolyze at least some of the carbon within the formation. 



30 



3839. A system configured to heat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; 
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at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least jthe one sliding connector is 
configured to provide heat during use, and wherein h^at provided by at least the one 
sliding connector is substantially less than the heat/provided by at least the one conductor 
during use; and 

wherein the system is configured to alloA' heat to transfer from at least the one 
conductor to a section of the formation durinj/use. 



3840. The system of claim 3839, whereiiVat least the one conductor is further 
10 configured to generate heat during application of an electrical current to at least the one 

conductor. 

3841 . The system of claim 3839. wherein at least the one conductor comprises a pipe. 

15 3842. The system of claim 383<f wherein at least the one conductor comprises stainless 
steel. 

3843. The system of claim 3^839, wherein the conduit comprises stainless steel. 

20 3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 

3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
25 comprises ceramic material. 



30 



3846. The systeny of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in (conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



10 



15 



3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3850. The system of claim 3839,/vherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



20 



385 1. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of me conduit during use. 

3852. The system cn claim 3839, further comprising a thermally conductive fluid 
disposed within the/conduit. 



3853. The system of claim 3839, further comprising a thermally conductive fluid 
25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



30 



3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 



conductor an< 



the conduit during use. 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remoVe vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibi/ deformation of the conduit 
during use. 



10 



3856. The system of claim 3839, wherein at least ther one conductor is further 
configured to generate radiant heat of approximate!/ 650 W/m to approximately 1650 



W/m during use. 



3857. The system of claim 3839, further comprising an overburden casing coupled to 
if the opening, wherein the overburden casing^s disposed in an overburden of the 

CO formation. 

=P 15 3858. The system of claim 3839, further comprising an overburden casing coupled to 
Pj the opening, wherein the overburden casing is disposed in an overburden of the 

L, formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 3839, further comprising an overburden casing coupled to 

/ 

□ 20 the opening, wherein the overburden casing is disposed in an overburden of the 

- - I 

formation, and wherein the overburden casing is further disposed in cement. 



25 



3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein ef packing material is disposed at a junction of the overburden 
casing and the opening./ 



30 



3861 . The system of claim 3839, further comprising an overburden casing coupled to 
the opening, whereim the overburden casing is disposed in an overburden of the 
formation, wherein/a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising/an overburden casing coupled to 

5 the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

3863. The system of claim 3839, further co/mprising an overburden casing coupled to 
10 the opening and a substantially low resistance conductor disposed within the overburden 

casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tfye substantially low resistance conductor comprises 
carbon steel. 

15 3864. The system of claim 3839/further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configped to support the substantially low resistance conductor 
within the overburden casing/ 

20 3865. The system of claii^ 3839, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
25 conduit is configurable to be disposed within an opening in the formation, and wherein at 
least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to bjb coupled to at least the one conductor, wherein at least the one sliding 
30 connector is further configurable to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less tHan the heat provided by at least 
the one conductor during use; and /• 



wherein the system is configurable to allow heat to transfer from at least the one 
conductor to a section of the formation during use. / 



3867. The system of claim 3866. wherein at least the one conductor is further 
configurable to generate heat during application of an electrical current to at least the one 
conductor. / 

10 3868. The system of claim 3866. wherein at least the one conductor comprises a pipe. 

3869. The system of claim 3866. wherein at least the one conductor comprises stainless 



15 3870. The system of claim 38©6. wherein the conduit comprises stainless steel. 

3871 . The system of claim/3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

20 3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises/ceramic material. 

3873. The systenyof claim 3866. further comprising a centralizer configurable to 
25 maintain a location of at least the one conductor within the conduit, wherein the 

centralizer comprises ceramic material and stainless steel. 

3874. The system of claim 3866, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

30 / 




5 



steel. 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 

/ 

least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

5 3876. The system of claim 3866, further co^rising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3877. The system of claim 3866. wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 

10 second section such that heat radiated/from the first conductor to the section along the 
first section of the conduit is less thafo heat radiated from the first conductor to the section 
along the second section of the conduit. 

3878. The system of claim 386b. further comprising a fluid disposed within the conduit, 
15 wherein the fluid is configurable to maintain a pressure within the conduit to substantially 

inhibit deformation of the conduit during use. 

3879. The system of clairti 3866, further comprising a thermally conductive fluid 
disposed within the condjait. 

20 

3880. The system of cflaim 3866, further comprising a thermally conductive fluid 
disposed within the cdnduit, wherein the thermally conductive fluid comprises helium. 

3881 . The system of claim 3866, further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable to substantially inhibit arcing between at least the one 

conductor and the /conduit during use. 

3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the aonduit, wherein the tube is configurable to remove vapor produced from 

30 at least the healed portion of the formation such that a pressure balance is maintained 
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between the conduit and the opening to substantially /inhibit deformation of the conduit 
during use. / 

3883. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3884. The system of claim 3866, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3885. The system of claim 3866,yrurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3886. The system of claim 3S866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3887. The system of cpim 3866, further comprising an overburden casing coupled to 
the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3888. The system/of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening,/ and wherein the packing material is further configurable to substantially 
inhibit a flow ob fluid between the opening and the overburden casing during use. 
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3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance^conductor is electrically coupled to at 
least the one conductor. / 

\ 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 

10 carbon steel. / 

3891 . The system of claim 3866/ further comprising an overburden casing coupled to 
the opening and a substantially Low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 

15 within the overburden casing/ 

3892. The system of clairrf3866, wherein the heated section of the formation is 
substantially pyrolyzed. / 

20 3893. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
25 provided by at least/the one sliding connector; and 

allowing tht heat to transfer from at least the one conductor and at least the one 
sliding. connector yo a section of the formation. 

3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 
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3895. 
steel. 



3896. The method of claim 3893, wherein the conduit comprises stainless, steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 
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3898. The method of claim 3893, further/comprising maintaining a location of at least 
10 the one conductor in the conduit with a ^ntralizer. wherein the centralizer comprises 

ceramic material. 

3899. The method of claim 3893. further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. wherein the centralizer comprises 

15 ceramic material and stainless steel. 

3900. The method of claim #893, wherein the provided heat comprises approximately 
650 W/m to approximately/1650 W/m. 

20 3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 



3902. The methodyof claim 3893, further comprising monitoring the applied electrical 
current. 

25 

3903. The method of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 

3904. The method of claim 3893, further comprising monitoring a temperature in the 
30 conduit with at least one thermocouple. 
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3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3906. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casipg comprises steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893, farther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packin&material is disposed at a junction of the overburden 
casing and the opening. / 

3909. The method of claim 3y893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overbidden casing with a packing material 

391 0. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically- 
coupled to at least the one conductor. 

3911. The methocyof claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein/the substantially low resistance 
conductor comprises carbon steel. / ' 

3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and/wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. / 

3913. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured lo generate substantially no heat. 

3914. The method of claim i893, further comprising electrically coupling a lead-in 
conductor to at least the one/conductor, wherein the lead-in conductor comprises copper. 

3915. The method of dim 3893, further comprising maintaining a sufficient pressure 
between the conduit ana the formation to substantially inhibit deformation of the conduit. 

391 6. The method of claim 3893. further comprising providing a thermally conductive 
fluid within the conauit. 

3917. The meth<7d of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3918. The method of claim 3893, further comprising inhibiting arcing between the 
conductor andfthe conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

5 3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to me conduit in the opening. 

3 92 1 . The method of claim 3 893 , further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

10 

3922. The method of claim 3893, furthe/r comprising disposing a perforated tube 
proximate to the conduit and flowing art oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, farther comprising heating at least the portion of the 
15 formation to substantially pyrolyze at least some of the carbon within the formation. 

3924. A system configured to Meat a coal formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elonskted member is configured to provide heat to at least a 
20 portion of the formation during use; and 

wherein the system As configured to allow heat to transfer from at least the one 
elongated member to a seation of the formation during use. 

3925. The system of cl£im 3924, wherein at least the one elongated member comprises 
25 stainless steel. 

3926. The system of claim 3924, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. ^ 

30 
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3927. The system of claim 3924. further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. / 

3928. The system of claim 3924 ; further comprising a support member coupled to at 
least the one elongated member, wherein tKe support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim 3924. furmer comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wnerein the support member comprises openings, 
wherein the openings are configu/ed to flow a fluid along a length of at least the one 
elongated member during use. and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

3930. The system of claim £924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least tne one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 
elongated member during use. 

393 1 . The system of/claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, whereirJthe centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
5 least the one elongated member, wherein the leaa-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

10 insulated conductor. / 



3936. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

15 3937. The system of claim 3924, flirther comprising a lead-in conductor coupled to at 
least the one elongated member wi/th a cold pin transition conductor. 



20 



3938. The system of claim 392ft, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



3939. The system of claint 3924, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

25 3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 
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394 1 . The system off claim 3924, wherein at least the one elongated member is 
configured to genera/e radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 
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3942. The system of claim 3924, further comprising a j^rforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. / 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3944. The system of claim 3924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden cping comprises steel. 

3945. The system of claim 3924, furtl/er comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3947. The system of claim/$924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of daim 3924, further comprising an overburden casing coupled to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is furthei? configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated sefction of the formation is 
5 substantially pyrolyzed. / 

3950. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
10 provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a. section of the formation during use. 

395 L The system of claim 3950, whereirfat least the one elongated member comprises 
15 stainless steel. / 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. / 

20 / 

3953. The system of claim 3950; further comprising a support member coupled to at 
least the one elongated member/wherein the support member is configurable to support 
at least the one elongated member. 

25 3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3950, further comprising a support member coupled to at 
30 least the one elongated member, wherein the support member is configurable to support 
at least the one elongatep member, wherein the support member comprises openings. 
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wherein the openings are configurable to flow a fluid alon^ a length of at least the one 

// 

elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least theyone elongated member during 
use. 



10 



3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the Openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbpn deposition on or proximate to at least 
the one elongated member during use. 



15 
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3957. The system of claim 3950, further co/nprising a centralizer coupled to at least the 
one elongated member, wherein the central/zer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of claim 3950/ wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 
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3961 . The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cola pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wl^rein at least the one elongated member is arranged 
in a series electrical configuration. 

3966. The system of claim 3950, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

3967. The system of clainy3950, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3968. The system of Zlaim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to rempve vapor from the opening to control a pressure in the opening 
during use. 



3969. The system of claim 3950, further comprising an overburden casing coupled to 



the opening, wh 
formation. 



rein the overburden casing is disposed in an overburden of the 
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3970. The system of claim 3950. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



5 3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of claim 3950, further /comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3973. The system of claim 3950Jrurther comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein me packing material comprises cement. 

3974. The system of clainy3950, further comprising an overburden casing coupled to 
20 the opening, wherein the oyverburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

25 3975. The system of claim 3950, wherein the heated section of the formation is 
substantially pyrolyzed. 



30 



3976. An in situ iAethod for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 



the formation. 



// 



/ 



3977. The method of claim 3976, wherein at lea^t the one elongated member comprises 
5 a metal strip. 



3978. The method of claim 3976, wherein a/least the one elongated member comprises 
a metal rod. 

10 3979. The method of claim 3976, wher/in at least the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, farther comprising supporting at least the one 
elongated member on a center support member. 

15 

398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a centeryfeupport member, wherein the center support member 
comprises a tube. 

20 3982. The method of claiid 3976, further comprising electrically isolating at least the 
one elongated member with a centralizer. 

3983. The method of jflaim 3976, further comprising laterally spacing at least the one 
elongated member Wifi a centralizer. 

25 

3984. The method lof claim 3976, further comprising electrically coupling at least the 
one elongated member in a series, configuration. 

3985. The methpd of claim 3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3986. The method of claim 3976. wherein the provided/heat comprises approximately 
650 W/m to approximately 1650 W/m. / 

3987. The method of claim 3976, further comprising determining a temperature 
5 distribution in at least the one elongated member using an electromagnetic signal 

provided to at least the one elongated member. / 

3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. / 

10 / 

3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
least the one elongated member. / 

3990. The method of claim 3976, father comprising monitoring a temperature in at 
15 least the one elongated member with at least one thermocouple. 

3991 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a cente/ support member, wherein the center support member 
comprises openings, the memod further comprising flowing an oxidizing fluid through 

20 the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. / 

3992. The method ofyclaim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 

25 carbon deposition proximate to or on at least the one elongated member. 

3993. The methdd of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or/on at least the one elongated member. 

30 / 
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3994. The method of claim 3976. further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wher^j the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 



5 3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member /ising a cold pin transition conductor. 



10 



3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated mender using a cold pin transition conductor, 
wherein the cold pin transition conductor Comprises a substantially low resistance 
insulated conductor. 



15 



3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburdej/ casing is disposed in an overburden of the 
formation. 



3998. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 3999. The method of clainy3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4000. The method of cLaim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening 



30 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opefting, and wherein the method further comprises inhibiting a flow of 
fluid between the ©pening and the overburden casing with the packing material. 
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15 



4002. The method of claim 3976. further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of theiarbon within the formation. 

4003. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation, 
wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of tne formation during use. 

4004. The system of claim 40j?)3, wherein at least the one elongated member comprises 
stainless steel. 



O 



4005. The system of claim 4003, wherein at least the one elongated member is further 
20 configured to generate he^t during application of an electrical current to at least the one 
elongated member. 



25 



4006. The system of /claim 4003, wherein at least the one elongated member is coupled 
to the conduit, whenpn the conduit is further configured to support at least the one 
elongated member. 



30 



4007. • The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated memper. and wherein the conduit comprises openings. 
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4008. The system of claim 4003. further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 

5 4009. The system of claim 4003 . further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003 , wherein the opening comprises a diameter of at least 
10 approximately 5 cm. / 

401 1 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to ^generate substantially no heat. 

15 / 

4012. The system of claim 400s, further comprising a lead-in conductor coupled to at 
least the one elongated membe/ wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

20 40 1 3 . The system of claim/ 4003, further comprising a lead-in conductor coupled to at 
least the one elongated meftiber, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

25 / 

4015. The system of fclaim 4003 ? further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor Jbomprises a substantially low resistance insulated conductor. 

30 401 6. The system jbf claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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401 7. The system of claim 4003, wherein at leasftthe one elongated member is arranged 
in a parallel electrical configuration. / 

401 8. The system of claim 4003, wherein m least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

401 9. The system of claim 4003, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. / 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation. / 

402 1 . The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein ther overburden casing is disposed in an overburden of the 
formation, and whereby the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the ©pening. 
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4024. The system of claim 4003 , further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed^at a junction of the overburden casing 
and the opening, and wherein the packing mater/al comprises cement. 

5 / 

4025. The system of claim 4003 . further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing Material is further configured to substantially 

10 inhibit a flow of fluid between the openirfg and the overburden casing during use. 

4026. The system of claim 4003, whe/ein the heated section of the formation is 
substantially pyrolyzed. / 

1 5 4027. A system configurable to hefett a coal formation, comprising: 

at least one elongated mertper configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion/of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
20 further configurable to provide/ an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition on or proximate to at least the one elongated 
member during use; and / 

wherein the system its further configurable to allow heat to transfer from at least 
25 the one elongated member/to a section of the formation during use. 

4028. The system of c\Am 4027, wherein at least the one elongated member comprises 
stainless steel. / 
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4029. The system of claim 4027, wherein at least th^ one elongated member is further 
configurable to generate heat during application of anelectrical current to at least the one 
elongated member. // 

5 4030. The system of claim 4027. wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. / 

403 1 . The system of claim 4027, whereirf at least the one elongated member is coupled 
10 to the conduit, wherein the conduit is furtner configurable to support at least the one 

elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 

15 electrically isolate at least the oneyelongated member from the conduit. 

4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the/ conduit, wherein the centralizer is configurable to 
maintain a location of at leasythe one elongated member on the conduit. 

20 / 

4034. The system of claim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 

resistance conductor configurable to generate substantially no heat. 

4036. The system off claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

30 insulated conductor./ 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a coli pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

10 / 

4040. The system of claim 4027( wherein at least the one elongated member is arranged 
in a series electrical configuration. 

4041 . The system of claim 4027, wherein at least the one elongated member is arranged 
15 in a parallel electrical configuration. 

4042. The system of clafrn 4027, wherein at least the one elongated member is 
configurable to generate/radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

20 / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. / 

25 / 

4044. The systeii of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



790 



Conley. Rose & Tayon, P C. 



* 



4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed ij^an overburden of the 

formation and wherein the overburden casing comprises Steel. 

/ 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casinj/is further disposed in cement. 



4047. The system of claim 4027, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



4048. The system of claim 4027, farther comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a pack/ng material is disposed at a junction of the overburden casing 
and the opening, and whefein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



25 4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyztfd. 



405 1. An in situ rryethod for heating a coal formation, comprising: 

applying an/ electrical current to at least one elongated member to provide heat to 



30 at least a portion o 
within an opening 



the formation, wherein at least the one elongated member is disposed 
in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 

h 

inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one e^ngated member to a section of 
the formation. 



4052. The method of claim 405 1 , wherein at legst the one elongated member comprises 
a metal strip. 

4051 The method of claim 405 1 , wherein/t least the one elongated member comprises 
10 a metal rod. 

4054. The method of claim 405 1 , wh/rein at least the one elongated member comprises 
stainless steel. 

15 405 5 . The method of claim 405 ]I further comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 

20 comprises a tube. 

4057. The method of Jaim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizes 

25 4058. The method of claim 405 1 , further comprising laterally spacing at least the one 
elongated member Avith a centralizes 



30 



4059. The methpd of claim 405 1 ? further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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4060. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a parallel configuration. ' 

4061 . The method of claim 405 1 , wherein th/ provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



10 



4062. The method of claim 405 1 , farther comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

4063. The method of claim 405/, further comprising monitoring the applied electrical 
current. 



4064. The method of claim 405 1 . further comprising monitoring a voltage applied to at 
15 least the one elongated m/mber. 

4065. The method of y6laim 405 1 , further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 

20 4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member composes flowing the oxidizing fluid through the openings in the center support 
member. 



25 



4067. The/method of claim 405 1 , wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed jfn the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1 . further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

5 4069. The method of claim 405 1 . further composing electrically coupling a lead-in 
conductor to at least the one elongated member/using a cold pin transition conductor. 



10 



4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor ycomprises a substantially low resistance 
insulated conductor. 



15 



4071 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburdei/ casing is disposed in an overburden of the 
formation. 



4072. The method of claim 4051. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 4073. The method of clairry405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening 



30 



4075. . The method of claim 4051, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 f further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



4077. An in situ method for heating a coal formation, comprising: 
oxidizing a fuel fluid in a heater; / 

providing at least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; / 

allowing heat to transfer from the ox/dized fuel fluid to a section of the formation: 
and / 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, whereii/ heat is allowed to transfer substantially uniformly 
along a length of the opening. / 

4078. The method of claim 4077( wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening. 

4079. The method of clainy 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening Comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening, the method further comprising removing an exhaust 
fluid through the opening. 

4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

408 1 . The methc/d of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 

4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The method of claim 4077, wherein the concjuit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 

5 conduit. / 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method of claim 4077, wherein me electric heater is a conductor disposed in 
10 the conduit. / 

4086. The method of claim 4077, wherein the electric heater is an elongated conductive 
member. / 

15 4087. A system configured to heaya coal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the one or more 
20 heat sources to a selected sec/ion of the formation during use. 

4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some Hydrocarbons within the selected section of the formation. 

25 / 

4089. The system of claim 4087, wherein the one or more heat sources comprise 
electrical heaters. / 

4090. The system/of claim 4087, wherein the one or more heat sources comprise surface 
30 burners. / 
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409 L The system of claim 4087, wherein the one or rpore heat sources comprise 
flameless distributed combustors. 

5 4092. The system of claim 4087, wherein the o^e or more heat sources comprise natural 
distributed combustors. 



10 



4093. The system of claim 4087. wherein /he one or more open wellbores comprise a 
diameter of at least approximately 5 cm. 



4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open w^Ibores, wherein the overburden casing is disposed in 
an overburden of the formation. 



=P 15 4095. The system of claim 4087, further comprising an overburden casing coupled to at 
jy least one of the one or more open wellbores, wherein the overburden casing is disposed in 

an overburden of the formation, and wherein the overburden casing comprises steel. 

jz I 

v t 4096. The system of clahfa 4087, further comprising an overburden casing coupled to at 

O 20 least one of the one or mpre open wellbores, wherein the overburden casing is disposed in 
"™ an overburden of the fo/mation, and wherein the overburden casing is further disposed in 

cement. 

4097. The system off claim 4087, further comprising an overburden casing coupled to at 
25 least one of the one/or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 



4098. The systim of claim 4087, further comprising an overburden casing coupled to at 
30 least one of the pne or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 

4099. The system of claim 4087, further comnnsing an overburden casing coupled to at 
least one of the one or more open wellbores. wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least oncM the one or more open wellbores. and 
wherein the packing material comprises ^ement. 

4100. The system of claim 4087, wherein the system is further configured to transfer 
heat such that the transferred heat cp pyrolyze at least some hydrocarbons in the selected 
section. / 

4101 . The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 

4102. The system of claim 4087, further comprising a valve coupled to a production 
well configured to control a pressure within at least a majority of the selected section of 
the formation. / 

41 03. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation, wherein the one or more heat sources are disposed within one or more open 
wellbores in the formation; 

allowingAhe heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation. 
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4104. The method of claim 4103, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wi^nin the selected section of the 
formation. 



4105. The method of claim 4103, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis temperature qff about 250 °C and an upper pyrolysis 
temperature of about 400 °C. 

4106. The method of claim 4103, whqfein the one or more heat sources comprise 
electrical heaters. 



41 07. The method of claim 41 03, \f herein the one or more heat sources comprise 
15 surface burners. 



10 



4108. The method of claim 410 J, wherein the one or more heat sources comprise 
flameless distributed combustors. 

20 4109. The method of claim 4/ 03, wherein the one or more heat sources comprise natural 
distributed combustors. 



25 



30 



4110. The method of claim 4 1 03, wherein the one or more heat sources are suspended 
within the one or more open wellbores. 

4111. The method of clmm 4103, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 



through critical flow ori 



ices in the tube. 
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4112. The method of claim 4103. wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at le^st one of the open wellbores 
through the perforated tube. 

5 

4113. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores. wherein the overburden casing is disposed 
in an overburden of the formation. 

10 4114. The method of claim 4103. further comprising coupling an overburden casing to 
at least one of the one or more open wellbores. wherein the overburden casing is disposed 
^ in an overburden of the formation, and wherein the overburden casing comprise steel. 

^7 4115. The method of claim 4103. further comprising coupling an overburden casing to 

=p 15 at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, an^ wherein the overburden casing is further disposed 
^ in cement. 

'if 41 16. The method of claim 4103/further comprising coupling an overburden casing to 

O 20 at least one of the one or more open wellbores. wherein the overburden casing is disposed 
r ~~ in an overburden of the formation, and wherein a packing material is disposed at a 

junction of the overburden casing and the at least one of the one or more open wellbores. 

4117. The method of claim 4103, further comprising coupling an overburden casing to 
25 at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at least one of the one or more open wellbores and the 
overburden casing with aipacking material. 



30 41 1 8. The method of clkim 4103, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4119. The method of claim 41 03, further comprising controlling a pressure and a 

/I 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



41 20. The method of claim 4 1 03, further 9bmprising controlling a pressure with the 
wellbore. 



10 41 21. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more heat sources./ 



4122. The method of claim 4 103/ further comprising controlling a pressure within at 
15 least a majority of the selected section of the formation with a valve coupled to a 
production well located in the formation. 



20 



4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 



4124. The method of clafim 4103, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least soine hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 



wherein Pwr is calci 



Pwr = h*V*C v *p B 



,ated by the equation: 



v 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein/he heating rate is less than about 10 
°C/day. A' 

5 4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 

4126. The method of claim 4103, wherem providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 / 

4128. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

20 4129. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon^ ranges from about 0.001 to about 0.15. 

4130. The method of claim 4103, wherein the produced mixture comprises non- 
25 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

4131. The method of claim 4 103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensnble hydrocarbons is nitrogen. 

I 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 4133. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 4134. The method of claim 4103. whereiff the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonyis sulfur. 

4135. The method of claim 4103, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greaterrthan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



20 



4136. The method of claim 4l/)3, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesfe than about 5 % by weight of the condensable 
hydrocarbons comprises mul/i-ring aromatics with more than two rings. 



25 



4137. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiA less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 41 03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocaipons are cycloalkanes. 



30 4139. The method of claim 41 03, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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and wherein the hydrogen is greater than about 10 % by \jiplume of the non-condensable 
component and wherein the hydrogen is less than about ,80 % by volume of the non- 
condensable component. 

5 4140. The method of claim 4103. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigh/ of the produced mixture is ammonia. 

4141 . The method of claim 4103, wherein tne produced mixture comprises ammonia, 
and wherein the ammonia is used to produ^ fertilizer. 

10 

4142. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section/of the formation. 

4143. The method of claim 4103,yrurther comprising controlling a pressure within at 
15 least a majority of the selected se/tion of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute/ 



20 



4144. The method of claim 4103, further comprising controlling formation conditions 
such that the produced mixt)4re comprises a partial pressure of H2 within the mixture 
greater than about 0.5 bar. 



4145. The method of claim 4144, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

25 4146. The method off claim 4103, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



4147. The method/of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater th in about 25. 
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4148. The method of claim 4103, further comprising: 
providing hydrogen (H2) to the heated section to hyflrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from Kydrogenation. 

4149. The method of claim 4103, wherein the prcfciuced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons withm least a portion of the produced hydrogen. 
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10 4150. The method of claim 4103, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority pi the selected section to greater than about 100 
millidarcy. 

4151. The method of claim 4103( wherein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

41 52. The method of claim/4103, further comprising controlling the heat to yield greater 
than about 60 % by weight/of condensable hydrocarbons, as measured by Fischer Assay. 

20 4153. The method of oflaim 4103, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for the/production well 



4154. The method of claim 4 1 03, further comprising providing heat from three or more 
25 heat sources to ay least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4155. The Aethod of claim 4103, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are/located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4156. The method of claim 4103, further comprising separating the produced mixture 
5 into a gas stream and a liquid stream. 

4157. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating tip liquid stream into an aqueous 
stream and a non-aqueous stream. 

10 

4158. The method of claim 4103, wherein the produced mixture comprises H2S, the 
method further comprising separating a portioi/of the H2S from non-condensable 
hydrocarbons. 

15 4159. The method of claim 4103, whereat the produced mixture comprises CO2. the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 

4160. The method of claim 4103, wherein the mixture is produced from a production 
20 well wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 



25 



4161. The method of claim 4A 03 , wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture/ within the wellbore. 



30 



4162. The method of claim 4103, wherein the mixture is produced from a production 
well, wherein a wellbore/of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore. and further comprising heating the formation 
with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 
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4163. The method of claim 4103, wherein the selected section is hteated to a minimum 
pyrolysis temperature of about 270 °C. / 

5 4164. The method of claim 4103. further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. / 

4165. The method of claim 4103, further comprisingycontrolling pressure within the 

10 formation in a range from about atmospheric pressure to about 100 ban as measured at a 
wellhead of a production well, to control an amoui/t of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. / 

15 / 

4 1 66. The method of claim 4 1 03, furthe/ comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 

20 and wherein the pressure is increased to reduce the API gravity. 

4167. A mixture produced from a portion of a coal formation, the mixture comprising: 
an olefin content of leas than about 10% by weight; and 

an average carbon number less than about 35. 

25 / 

41 68. The mixture of claim 4167, further comprising an average carbon number less 

than about 30. / 

4169. The mixture off claim 4167, further comprising an average carbon number less 
30 than about 25. / 

4170. The mixture of claim 4167, further comprising: 



807 



Conley r Rose & Tayon. P.C. 



non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbo'n numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4171. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less man about 1 % by weight, when 
calculated on an atomic basis, of the condensable ifydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated cfn an atomic basis, of the condensable 
hydrocarbons is sulfur. / 

41 72. The mixture of claim 4167, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

41 73. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less tHan about 15 % by weight of the condensable 
hydrocarbons. / 

41 74. The mixture of claim 4 y67, further comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the condensable hydrocarbons have a carbon 
number greater than about 25. 

41 75. The mixture of claim 41 74, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weighi, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen/ and wherein less than about 1 % by weight, when calculated on 
an atomic basis, of the condensable hydrocarbons is sulfur. 
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4176. The mixture of claim 4173, further comprising cbndensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. j 

5 41 77. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising/hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the/hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2; wherein greater 
10 than about 1 5 % by weight of the non-conde5isable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbonsjwherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
1 5 condensable hydrocarbons comprises/aromatic compounds. 

4178. The mixture of claim 4167/further comprising: 

condensable hydrocarbon/, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
20 about 25; / 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
25 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H 2 , wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4179. The mixture ofklaim 4167, further comprising a condensable mixture, 
30 comprising: / 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 



asphaltenes, wherein less than about 0.1 % by w^ght of the condensable mixture 
comprises asphaltenes. 

4180. The mixture of claim 4 1 79, further comprising, oxygenated hydrocarbons, 
wherein less than about 1 5 % by weight of the c^densable mixture comprises 
oxygenated hydrocarbons; 



yy 



10 4181. The mixture of claim 4167, further ^comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by/weight to about 2 % by weight of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
15 mixture comprises multi-ring aromatics with more than two rings. 



20 



25 



41 82. The mixture of claim 41 80, further comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by weight of the condensable mixture comprises oxygenated 
hydrocarbons. 

41 83. The mixture of clain^ 4167, further comprising: 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H2, wherein greater than about 10 % by weight of the non-condensable 
hydrocarbons comprises m; 

ammonia, wherepi greater than about 0.5 % by weight of the mixture comprises 
ammonia; and 

hydrocarbons, ^herein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to metWane, is greater than about 0.4. 



30 41 84. A mixture produced from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having o&rbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 
5 / 

4185. The mixture of claim 4 1 84, further compris Wcondensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by v^eight of the condensable hydrocarbons 
are olefins. 

10 41 86. The mixture of claim 41 84, wherein a^olar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboiit 0.001 to about 0.15. 



15 



4187. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight when calculated on an atomic basis, of the 
condensable hydrocarbons is nitroge 



20 
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4 1 88. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by yweight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

4189. The mixture of clairyl 4 1 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. 

4 1 90. The mixture of/claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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4191 . The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

5 4192. The mixture of claim 4184, further comprising condensable hydrocarbons. 

wherein less than about 5 % by weight of the cond/nsable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

4193. The mixture of claim 4184, further cc/mprising condensable hydrocarbons, 
10 wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



15 



4194. The mixture of claim 41 84, fisher comprising condensable hydrocarbons, 
wherein about 5 % by weight to abc^dt 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. 



20 



4 1 95. The mixture of claim 4 1 84, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein tme hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



4196. The mixture of claim 41 84, further comprising ammonia, wherein greater than 
about 0.05 % by weight oflthe produced mixture is ammonia. 

25 4197. The mixture of cjaim 4184, further comprising ammonia, wherein the ammonia is 
used to produce fertilize 



41 98. The mixture or claim 41 84, further comprising condensable hydrocarbons, 
wherein less than abo/it 15 weight % of the condensable hydrocarbons have a carbon 



30 number greater than 



i tpproximately 25. 
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4 1 99. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins/and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons ^comprises olefins. 

5 4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4201 . The mixture of claim 41 84, furtherycomprising condensable hydrocarbons. 

10 wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of ther condensable hydrocarbons comprises oxygenated 
hydrocarbons. I 

4202. The mixture of claim 41 84, further comprising non-condensable hydrocarbons, 
15 wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 

5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4203. The mixture of claim 41 84, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2 ? and wherein greater than about 

20 1 5 % by weight of the nori-condensable hydrocarbons comprises H2. 

4204. The mixture of claim 41 84, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

25 4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wheriin a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to metha le, is greater than approximately 1 ; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
30 than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. \ 
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4206. The mixture of claim 4205. wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. a 

4207. The mixture of claim 4205, wherein a molar patio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00/to about 0.15. 

4208. The mixture of claim 4205, wherein les6 than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205. wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4210. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

421 1 . The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4212. The mixture of claim 4205, wherein greater than about 20 % by weight of the 
condensable Hydrocarbons are aromatic compounds. 

4213. The mixture of claim 4205, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4214. . The mixture of claim 4205, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

42 1 5. The mixyure of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4216. The mixture of claim 4205, wherein the non-condei4able hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10^/o by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



42 1 7. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weightyof the produced mixture is ammonia. 

10 42 1 8. The mixture of claim 4205, wherein thef produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4219. The mixture of claim 4205, whereiri less than about 5 weight % of the 
condensable hydrocarbons in the mixture yhave a carbon number greater than 

1 5 approximately 25 . 

4220. The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about (f.\ % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

20 

422 1 . The mixture of claim 4205 /wherein the condensable hydrocarbons further 
comprise olefins, and wherein abcjul 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

25 4222. The mixture of claim 42/05, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than about 5 % by weight of the mixture comprises H 2 . 



4223. The mixture of claim/4205, wherein the non-condensable hydrocarbons further 
comprise H 2; wherein greater than about 15 % by weight of the mixture comprises H 2 . 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater thaiy about 0.3. 

/, 

4225. A mixture produced from a portion of a coal' formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by/weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises/sulfur. 

4226. The mixture of claim 4225, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



m 



4227. The mixture of claim 42£5, wherein less than about 5 weight % of the 
20 condensable hydrocarbons have a carbon number greater than approximately 25. 



25 



4228. The mixture of clainy4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about <pA % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4229. The mixture of claim 4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4230. The mixture o 
30 weight of the 

wherein the oxygen 



claim 4225, wherein about 5 % by weight to about 30 % by 
condensable hydrocarbons comprise oxygen containing compounds, and 
containing compounds comprise phenols. 



\ 
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423 1 . The mixture of claim 4225, wherein greater than/ibout 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

5 4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring m*omatics with more than two rings. 

4233. The mixture of claim 4225, wherein l/ss than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

10 

4234. The mixture of claim 4225, whei^in about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4235. The mixture of claim 4225, ^herein the non-condensable hydrocarbons comprises 
15 hydrogen, and wherein the hydrosfen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and Wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4236. The mixture of claim/4225, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

25 4238. The mixture oy claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
30 H 2; and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 
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4240. The mixture of claim 4225. wherein the non-cpndensable hydrocarbons comprise 
H2, and wherein greater than about 15 % by weight/6f the mixture comprises H 2 . 



5 4241 . The mixture of claim 4225, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 



4242. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons/comprising hydrocarbons having carbon numbers 
10 of less than 5, wherein a weight ratio/of hydrocarbons having carbon numbers from 2 

through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greatej/than about 0.5 % by weight of the mixture comprises 

ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
15 than about 5 % by weight of/he condensable hydrocarbons comprises oxygenated 
hydrocarbons. 



20 



4243. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



4244. The mixture pf claim 4242, wherein the non-condensable hydrocarbons further 
comprise ethene ana ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogeji, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of 1he condensable hydrocarbons is nitrogen. 
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4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

5 4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons/is sulfur. 

4248. The mixture of claim 4242, wherein the condensable hydrocarbons further 

10 comprise oxygen containing compounds, /wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbon/ comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4249. The mixture of claim 4242, /wherein the condensable hydrocarbons further 

15 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 

20 condensable hydrocarbons ycomprises multi-ring aromatics with more than two rings. 

425 1 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

4252. The mixture off claim 4242, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 4253. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4254. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 

4255. The mixture of claim 4242, wherein th£ produced mixture further comprises 
ammonia, and wherein the ammonia is used io produce fertilizer. 

4256. The mixture of claim 4242, wherem the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 1 5 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 

4257. The mixture of claim 4242/ wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greate/ than about 5 % by weight of the mixture comprises H2. 



4258. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
20 comprise H 2 , and wherein greater than about 15 % by weight of the mixture comprises 

H 2 . 

4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons' having carbon numbers of greater than 2, wherein a weight ratio 

25 of hydrocarbons having carbon numbers greater than 2, to methane, is greater than about 
0.3. 

4260. A mixture Produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

30 of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to njethane, is greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 1 0 % by 
weight of the condensable hydrocarbons comprises olefins. 



4261 . The mixture of claim 4260, wherein the non-c</ndensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar rano of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00/ to about 0.15. 



10 



4262. The mixture of claim 4260, wherein ther condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



15 



4263. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



20 



4265. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 4266. The mixture of claim 4260, wherein the condensable hydrocarbons further 

comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4267. The mixture/of claim 4260, wherein the condensable hydrocarbons further 
30 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260. wherein the condensable hydrocarbons further, 
comprise asphaltenes, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4269. The mixture of claim 4260, wherein tjie condensable hydrocarbons further 
comprise cycloalkanes, and wherein about p % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalka 



res. 



10 4270. The mixture of claim 4260, wMerein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbon/ and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable Hydrocarbons. 

15 4271. The mixture of claim 4260. wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 4260, wherein the produced mixture further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 



25 



4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 



4274. The mixture /of claim 4260, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 



30 4275. The mixture 
condensable 



of claim 4260, wherein about 0.1% to about 2 % by weight of the 
component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than^bout 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4277. The mixture of claim 4260, wherein the condens^ole hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated l^ydrocarbons. 

4278. The mixture of claim 4260, wherein the/fcon-condensable hydrocarbons further 
comprise H2, and wherein greater than about i> % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4279. The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater thaii about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4280. The mixture of claim 4261), wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

428 1 . A mixture produced/from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocapons. 

4282. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of lessrthan 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4283. The mixture of claim 4281. wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. i 

5 /' 

4284. The mixture of claim 428 1, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in theynon-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. / 

10 4285. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less thaii about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4286. The mixture of claim 4281, Avherein the condensable hydrocarbons further 

15 comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable/nydrocarbons is oxygen. 

4287. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise sulfur, and whereiiy less than about 1 % by weight, when calculated on an 

20 atomic basis, of the condensable hydrocarbons is sulfur. 

4288. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

25 wherein the oxygen comaining compounds comprise phenols. 

4289. . The mixture off claim 4281, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

30 / 
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4290. The mixture of claim 4281. wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 429 1 . The mixture of claim 4281, wherein the' condensable hydrocarbons further 
comprise asphaltenes, and wherein less thanyabdut 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4292. The mixture of claim 4281, wherein the condensable hydrocarbons further 
10 comprise cycloalkanes. and wherein pout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

lQ 4293. The mixture of claim 42yl , further comprising non-condensable hydrocarbons, 

T wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 

=p 15 hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
7* wherein the hydrogen is les^than about 80 % by volume of the non-condensable 

^_ hydrocarbons. 

if": 

*Z 4294. The mixture of claim 428 1 , further comprising ammonia, and wherein greater 

JLs / 

O 20 than about 0.05 % by weight of the produced mixture is ammonia. 

4295. The mixture 6f claim 4281, further comprising ammonia, and wherein the 
ammonia is used to/produce fertilizer. 

25 4296. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 



4297. The mi 
30 comprises 
hydrocarbons 



cture of claim 4281, wherein the condensable hydrocarbons further 
olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
iomprises olefins. 
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4298. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2/% by weight of the condensable 
hydrocarbons comprises olefins. 

5 

4299. The mixture of claim 4281, wherein the Condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises ther oxygenated hydrocarbon. 

10 4300. The mixture of claim 4281, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hi, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4301. The mixture of claim 428 V, further comprising non-condensable hydrocarbons, 
15 wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 

% by weight of the non-condensable hydrocarbons comprises H2. 

4302. The mixture of claim 4281, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms/to methane, is greater than about 0.3. 

20 

4303. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable hydrocarbons have a carbon number greater than about 25; 

wherein less man about 1 % by weight of the condensable hydrocarbons, when 
25 calculated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an aiomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an /atomic basis, is sulfur. 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5. and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

5 * / 

4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15./ 

4307. The mixture of claim 4303, wherein the condensable hydrocarbons further 

15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing/compounds comprise phenols. 

4308. The mixture of claim 4303, wherein the condensable hydrocarbons further 

20 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4309. The mixture off claim 4303, wherein the condensable hydrocarbons further 
comprise multi-ring siromatics, and wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

43 1 0. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise asphattenes, and wherein less than about 0.3 % by weight cf the condensable 
hydrocarbons are asphaltenes. 

30 / 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 43 1 2. The mixture of claim 4303. further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about/80 % by volume of the non-condensable 
component comprises hydrogen. 

10 43 13. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



15 



43 14. The mixture of claim 4303, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

43 1 5. The mixture of claim 4303, wherein the condensable component further 
comprises olefins, and wherein abopt 0.1 % to about 5 % by weight of the condensable 
component comprises olefins. 



20 43 1 6. The mixture of claim 430p, wherein the condensable component further 

comprises olefins, and wherein ^[bout 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins. 

43 1 7. The mixture of claim 4303, wherein the condensable hydrocarbons further 
25 comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



30 



43 1 8. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensalile hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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43 19. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4320. The mixture of claim 4303, further comprising non-c6ndensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater man about 0.3. 

4321 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less thar/about 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is less than about 10 % by weight of the 
condensable component. / 

4322. The mixture of claim 4321 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4323 . The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about UA % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4324. The mixture of claim 4321, /further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of etheiie to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to aboutiO.15. 

4325. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein/less than about 1 % by weight, when calculated on an 
atomic basis, of the condensabl ? hydrocarbons is nitrogen. 
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4326. The mixture of claim 4321, wherein the condensable hydrocarbons further 



./i 



comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen! / 



4327. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 %/oy weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



s : j 



10 4328. The mixture of claim 4321, whereiivthe condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wh/rein the oxygen containing compounds comprise 
phenols. 

1 5 4329. The mixture of claim 432 1/ wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4330. The mixture of clainy 4321 , wherein the condensable hydrocarbons further 
20 comprise multi-ring aromafics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



433 1 . The mixture of claim 4321 s wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 



4332. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



Conley. Rose & Tayon. PC 



4333. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. 

5 

4334. The mixture of claim 432 1 5 further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture/is ammonia. 

4335. The mixture of claim 4321, further c^/mprising ammonia, and wherein the 
10 ammonia is used to produce fertilizer. 

4336. The mixture of claim 4321, whe/fein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

15 4337. The mixture of claim 4321/ wherein about 0.1 % to about 2 % by weight of the 
condensable component comprises olefins. 



20 



4338. The mixture of claim 432 1 , wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



25 



4339. The mixture of claim 432 1 , wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable compdnent comprises oxygenated hydrocarbons. 

4340. The mixture di claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4341 . The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4342. The mixture of claim 432 1 , further comprisingnon-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4 5 to methane, is greater than approximately 0.3. 

4343. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherem less than about 5 % by weight of the 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 % by weight of the condensable hydrocarbons comprises 
aromatic compounds. 

4344. The mixture of claim 434k, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to/methane, is greater than approximately 1 . 

4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4346. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein a molar ratio ofjfethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to abjut 0.15. 



\ 
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4347. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen/ 



5 4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 °/I by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4349. The mixture of claim 4343, wherein me condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

atomic basis, of the condensable hydrocarbons is sulfur. 

4350. The mixture of claim 4343, wl/erein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

435 1 . The mixture of claim 43^43, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics/ and wherein less than about 5 % by weight of the 

20 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, and /wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

4353. The mixture of claim 4343, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 4354. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 



4355. The mixture of claim 4343, further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture ammonia. 

4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

10 4357. The mixture of claim 4343. wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % yS about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4358. The mixture of claim 4343, wherein the condensable hydrocarbons further 
15 comprises olefins, and wherein about/0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 



20 



4359. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons/comprises multi-ring aromatic compounds. 



25 



4360. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361 . The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343. further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4363. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons/comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



ri 



4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
10 wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



jj—jj 



4365. A mixture produced from a portion of a coal formation, comprising: 
15 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2. wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
20 condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 
25 aromatic compounds, wherein greater than about 20 % by weight of the 

condensable hydrocarbons comprises aromatic compounds. 
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4366. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprise etheme and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % byjweight, when calculated on an 



7 



atomic basis, of the condensable hydrocarbons is nitrogen. 



4368. The mixture of claim 4365, wherein the^ondensable hydrocarbons further 
comprise oxygen, and wherein less than abou/l % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbpns is oxygen. 

4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4370. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371 . The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4372. The mixture pf claim 4365, wherein the condensable hydrocarbons comprise 
asphaltenes, and wtterein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4373. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 1 0 % by volume and less than about 
80 % by volume of the non-condensabte hydrocarbons. A 

5 4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

10 

4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carboi/ number of greater than approximately 25, 
wherein less than about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 

15 

4378. The mixture of claim 4365^, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4379. The mixture of claim 4065, wherein about 0.1 % to about 2 % by weight of the 
20 condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 4365, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

25 438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 



4382. A mixture produced from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 
5 oxygenated hydrocarbons, wherei/ greater than about 5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and / 

aromatic compounds, wherein greater than about 30 % by weight of the 
10 condensable hydrocarbons comprises ^Sromatic compounds: and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensableyhydrocarbons comprises H2. 

4383. The mixture of claim 4182, wherein the non-condensable hydrocarbons further 
15 comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . / 

4384; The mixture of claim 4382, wherein the non-condensable hydrocarbons comprise 
20 ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4385. The mixture ot claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 

25 atomic basis, of the condensable hydrocarbons is nitrogen. 

4386. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygenjand wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

30 

\ 
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4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 

comprise sulfur, and wherein less than about 1 % by height, when calculated on an 

// 

atomic basis, of the condensable hydrocarbons is sulfur. 

; 

4388. The mixture of claim 4382. wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



10 4389. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382, /wherein the condensable hydrocarbons further 
1 5 comprise asphaltenes, and wherei^f less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

4391 . The mixture of claim 4s 82, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. 

4392. The mixture of claim 4382, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

25 4393. The mixture of cfclaim 4382, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



30 



4394. The mixture 
ammonia is used to 



f claim 4382, further comprising ammonia, and wherein the 
uce fertilizer. 



prod 
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4395. The mixture of claim 4382, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 



4396. The mixture of claim 4382, wherein about 0.1 °//lo about 2 % by weight of the 
5 condensable hydrocarbons comprises olefins. 

4397. The mixture of claim 4382. wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greate/ than about 1 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

10 

4398. The mixture of claim 4382, whec&n the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and^wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to/methane is greater than about 0.3. 

15 4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about &A % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenated hydrocarbons, wherein less than about 15 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 
20 asphaltenes, wherein less than about 0. 1 % by weight of the condensable mixture 

comprises asphaltenes/ 



25 



4400. The mixture of claim 4399, wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



30 



4401. The mixture of claim 4399, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 
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4402. The mixture of claim 4399, wherein the condensable mixture further comprises 



ethene and ethane, and wherein a molar ratio of ^thene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about.0.15. 



4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. / 

4404. The mixture of claim 4399, whe/ein the condensable mixture further comprises 
oxygen, and wherein less than about l/% by weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4405. The mixture of claim A399L wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, when calculated on an atomic basis, of 
the condensable mixture is sulmr. 

4406. The mixture of clainy4399, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4407. The mixture of claim 4399, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic/compounds. 

4408. The mixture of claim 4399, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



non-condensable hydrocarbons, wherein the non-c6ndensable hydrocarbons comprise 
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4409. The mixture of claim 4399 5 wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. " 



15 



4410. The mixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein th/hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 1. The mixture of claim 4399, farther comprising ammonia, and wherein greater 
than about 0.05 % by weight of the/produced mixture is ammonia. 

4412. The mixture of claim 4399, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



4413. The mixture of claim 4399, wherein about 0.1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 

20 4414. A condensable rmxture produced from a portion of a coal formation, comprising: 
olefins, whereiry about 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aro/natics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 
25 oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 

condensable mixture comprises oxygenated hydrocarbons. 



30 



4415. The mix 
number of greatei 
hydrocarbons in 



the 



e of claim 4414, further comprising hydrocarbons having a carbon 
than approximately 25, wherein less than about 5 weight % of the 
mixture have a carbon number greater than approximately 25. 



v 
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441 6. The mixture of claim 4414 5 wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. / 

5 44 1 7. The mixture of claim 44 1 4, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. / 

441 8. The mixture of claim 4414, wherein/the condensable mixture further comprises 

10 sulfur, and wherein less than about 1 % by weight, when calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. / 

441 9. The mixture of claim 4414, Wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 

15 the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4420. The mixture of claim/4414, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 

20 mixture are aromatic compounds. 



25 



442 1 . The mixture of claim 44 1 4, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4422. The mixture of claim 4414, wherein the condensable mixture further comprises 
cycloalkanes, ancy wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4423. The mixture of claim 4414, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

I 
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4424. The mixture of claim 4414, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4425. A mixture produced from a portion of a coal formation, comprising: 
non-condensable hydrocarbons arid H2, wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 



15 



4426. The mixture of claim 442p, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having </arbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having caj/bon numbers from 2 through 4, to methane, in the mixture 
is greater than approximately/1 . 



20 



25 



4427. The mixture of claim 4425, wherein greater than about 0.1 % by weight of the 
condensable hydrocarbons, and wherein less than about 15% by weight of the 
condensable hydrocarbons are olefins. 

4428. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene and eihane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in tile non-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



4430. The mixta 
30 calculated on an 



e of claim 4425, wherein less than about 1 % by weight, when 
atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable/hydrocarbons is sulfur. 

4432. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 

5 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



10 



4433. The mixture of claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4434. The mixture of claim 4423; wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4435. The mixture of claim A425, wherein less than about 0.3 % by weight of the 
15 condensable hydrocarbons are asphaltenes. 

4436. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

20 4437. The mixture of claim 4425, wherein the H 2 is less than about 80 % by volume of 
the non-condensable iiydrocarbons and H2. 

4438. The mixture! of claim 4425, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 



25 



4439. The mixture of claim 4425. wherein the ammonia is used to produce fertilizer. 



30 



4440. The mixture of claim 4425, wherein less than about 5 % of the condensable 



hydrocarbons 



lave carbon numbers greater than 25. 
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4441 . The mixture of claim 4425. wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 15 % b/y weight of the condensable hydrocarbons 
comprise olefins. 



10 



4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about^O % by weight of the condensable hydrocarbons 
comprise olefins. 

4443. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and/wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



15 4444. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4445. A method of treating a coal formation in situ comprising providing heat from 
three or more heat sources to at least a portion of the formation, wherein three or more of 
20 the heat sources are located in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. 



25 



4446. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



4447. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the /repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 

5 production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprise/ a triangular pattern. 

4449. The method of claim 4445, wherein thi?ee or more of the heat sources are located 
10 in the formation in a plurality of the units, wherein the plurality of units are repeated over 

an area of the formation to form a repetitive pattern of units, wherein three or more 
O injection wells are located within an area: defined by the plurality of units, wherein the 

yQ ' / 

m three or more injection wells are located in the formation in a unit of injection wells, and 

+ 1 wherein the unit of injection wells comprises a triangular pattern. 

j! 4450. The method of claim 444 / wherein three or more of the heat sources are located 

s in the formation in a plurality ot the units, wherein the plurality of units are repeated over 

2 an area of the formation to foym a repetitive pattern of units, wherein three or more 

ry production wells and three or more injection wells are located within an area defined by 

HF /. 

□ 20 the plurality of units, wherein the three or more production wells are located in the 
e " s formation in a unit of production wells, wherein the unit of production wells comprises a 

first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
25 than the second triangular pattern. 

445 1 . The methbd of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
30 monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445 ; wherein a production well is located in an area 
5 defined by the unit of heat sources. / 

4453. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a first unit and a seconci unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is /nverted with respect to the second unit. 

10 / 

4454. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4455. The method of claim 444o, wherein a distance between each of the heat sources in 
1 5 the unit of heat sources is approximately equal. 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. / 

20 / 

4457. The method of claim 4445, wherein the heated portion comprises a substantially 
uniform temperature/distribution. 

4458. The methop of claim 4445, wherein the heated portion comprises a substantially 
25 uniform temperature distribution, and wherein a difference between a highest temperature 

in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. / 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
30 the triangular pattern and a temperature at a center of the triangular pattern are 

approximately equal. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time/and wherein the initial period of time 
comprises less than approximately 3 months. 



ESS 

La 



4461 . The method of claim 4445, wherein a/time required to increase an average 
temperature of the heated portion to a selec/ed temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 

10 of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in the triangular pattern is 
approximately equal to a space betw/en each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4445/ wherein a time required to increase a temperature at a 
15 coldest point within the heated nortion to a selected temperature with the triangular 

pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within themeated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal to a space between each of the heat sources in 
20 the hexagonal pattern. 



4463. The rriethod of daim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
25 at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 



30 4464. The me 
coldest point 



hod of claim 4445, wherein a time required to increase a temperature at a 
v^ithin the heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space betweenyeach of the heat sources in the 
triangular pattern is approximately 5 m greater than/a space between each of the heat 
5 sources in the hexagonal pattern. / 

4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the/coal formation from three or more of the heat 
10 sources, wherein the formation has an average heat capacity (C v ). and wherein heat from 
three or more of the heat sources pyrolwes at least some hydrocarbons within the 
selected volume of the formation; and/ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 
10°C/day. / 

20 4466. The method of claim 4445, wherein three or more of the heat sources comprise 
electrical heaters. / 

4467. The method oyclaim 4445, wherein three or more of the heat sources comprise 
surface burners. / 

25 / 

4468. The method of claim 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. 

4469. The method of claim 4445, wherein three or more of the heat sources comprise 
30 natural distributed combustors. 

I 
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4470. The method of claim 4445, further comprising: y 

allowing the heat to transfer from three or more of the heat sources to a selected section 

/ 

of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation*; and 
5 producing a mixture of fluids from the formation. / 

4471 . The method of claim 4470, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

10 pressure. / 

4472. The method of claim 4470, further comprising controlling the heat such that an 
average heating rate of the selected section/is less than about 1 .0° C per day during 
pyrolysis. / 

15 / 

4473. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the sele/ted section comprises transferring heat substantially 
by conduction. / 

20 4474. The method of claim 4470, wherein providing heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/m °C. / 

25 4475. The method of cflaim 4470, wherein the produced mixture comprises an API 
gravity of at least 25°./ 

4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and /vherein about 0.1% by weight to about 15% by weight of the 
30 condensable hydrocarbons are olefins. 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from* about 0.001 to about 0.15. 

5 4478. The method of claim 4470 ; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogei/ 

4479. The method of claim 4470, wherein tWe produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/i % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons \i oxygen. 

4480. The method of claim 4470, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thsm about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

448 1 . The method of claim ^470, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are pomatic compounds. 

25 / 

4483. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, And wherein less than about 5 % by weight of the condensable 
hydrocarbons/comprises multi-ring aromatics with more than two rings. 
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4484. The method of claim 4470, wherein the produced fixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 

5 4485. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight yb about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4486. The method of claim 4470, wherein/the produced mixture comprises a non- 
10 condensable component, wherein the non^condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

15 4487. The method of claim 44#0, wherein the produced mixture comprises ammonia, 
and wherein greater than aboj/t 0.05 % by weight of the produced mixture is ammonia. 



20 



4488. The method of cla/m 4470, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4489. The method of claim 4470, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein a partial pressure of H 2 within 
the mixture is greater than about 2.0 bar absolute. 



25 4490. The metttod of claim 4470, further comprising altering a pressure within the 
formation to inliibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25 . 



4491 . The method of claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and ^ 

heating a portion of the section with heat from hydrogenation. 

4493. The method of claim 4470, further comprising: 
producing hydrogen from the formation*; and 

hydrogenating a portion of the produ^d condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4495. The method of claim 44/0, wherein allowing the heat to transfer from three or 
more of the heat sources to tire selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

4496. The method of claim 4470, further comprising controlling the heat from three of 
more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 

4497. The methoa of claim 4470, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4498. The method of claim 4470, further comprising providing heat from three or more 
heat sources tb at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



v 
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4499. The method of claim 4470. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units, 

4500. A method for in situ production of synthesisygas from a coal formation, 
comprising: / 

heating a section of the formation to a temperature sufficient to allow synthesis 
10 gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section oythe formation when the temperature 
sufficient to allow synthesis gas generatiorywithin the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 
and / 
15 removing synthesis gas from the formation. 

4501 . The method of claim 4500, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved./ 

20 / 

4502. The method of claim 4500, wherein the temperature sufficient to allow 7 synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4503. The method of claim 4500, further comprising heating the section when providing 
25 the synthesis gas generating fluid to inhibit temperature decrease in the section due to 

synthesis gas generation./ 

4504. The method of alaim 4500, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 

30 above a temperature sufficient to support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. / 



4505. The method of claim 4504, wherein the oxidizing /fluid comprises air. 

4506. The method of claim 4505, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. / 

4507. The method of claim 4500, wherein/neating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent/to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

45 1 0. The method of claim 4500, further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section aoove the temperature sufficient to generate synthesis gas. 

45 1 1 . The method of claim 4500, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 
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4512. The method of claim 451 L wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. 

45 13. The method of claim 4500, wherein the synthesi/ gas generating fluid comprises 
5 liquid water. 

45 14. The method of claim 4500. wherein the synthesis gas generating fluid comprises 
steam. 

10 4515. The method of claim 4500, wherein tffe synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 

45 1 6. The method of claim 4515. wMerein a portion of the carbon dioxide within the 
15 synthesis gas generating fluid commses carbon dioxide removed from the formation. 

4517. The method of claim 45y0, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a /portion of the carbon dioxide reacts with carbon in the 
formation to generate carborymonoxide. 

20 

45 1 8. The method of claim 45 1 7, wherein a portion of the carbon dioxide within the 
synthesis gas generating/fluid comprises carbon dioxide removed from the formation. 

45 1 9. The method of claim 4500, wherein providing the synthesis gas generating fluid 
25 to the section composes raising a water table of the formation to allow water to flow into 

the section. 



30 



4520. The method of claim 4500, wherein the synthesis gas is removed from a producer 
well equipped With a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. / 

4521 . The method of claim 4520, wherein the substantially constant temperature is 
about 700 °C. and wherein the selected composition has a H2 to CO ratio of about 2:1. 



4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon number/less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to ^/reaction within the section to increase a H2 
concentration of the generated synthesis ga 



15 



4523. The method of claim 4500, wher/in the synthesis gas generating fluid comprises 
water and hydrocarbons having carboiynumbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the section to increase an energy content of the 
synthesis gas removed from the formation. 



20 



4524. The method of claim 4500, further comprising maintaining a pressure within the 
formation during synthesis gas/generation, and passing produced synthesis gas through a 
turbine to generate electricity/ 

4525. The method of claim 4500, further comprising generating electricity from the 
synthesis gas using a fuel/cell. 



4526. The method of tlaim 4500, further comprising generating electricity from the 

25 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portior/of the separated carbon dioxide within a spent section of the 
formation. 

4527. The methc/d of claim 4500, further comprising using a portion of the synthesis gas 
30 as a combustion fuel to heat the formation. 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Eischer-Tropsch synthesis 
process. 



5 4529. The method of claim 4500. further comprising c/nverting at least a portion of the 
produced synthesis gas to methanol. 

4530. The method of claim 4500, further compiling converting at least a portion of the 
produced synthesis gas to gasoline. 

10 

453 1 . The method of claim 4500, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic/methanation process. 

4532. The method of claim 4500, fu^her comprising providing heat from three or more 
1 5 heat sources to at least a portion of tKe formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4533. The method of claim 4500, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 4534. A method of treating a coal formation in situ, comprising: 

providing heat/from one or more heat sources to at least a portion of the 
formation; 

allowing the/heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
30 portion to a temperature sufficient to allow synthesis gas generation; 
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providing a synthesis gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 

producing synthesis gas from the formation. 



4535. The method of claim 4534, wherein the tenroerature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 

10 4536. The method of claim 4534, further comprising using a second portion of the 

separated carbon dioxide as a flooding agen/ to produce hydrocarbon bed methane from a 
coal formation. 

4537. The method of claim 4536. wh^ein the coal formation is a deep coal formation 
15 over 760 m below ground surface. 

4538. The method of claim 4536/wherein the coal formation adsorbs some of the 
carbon dioxide to sequester the carbon dioxide. 

20 4539. The method of claim 4534, further comprising using a second portion of the 
separated carbon dioxide as & flooding agent for enhanced oil recovery. 



25 



4540. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration withiii the produced synthesis gas. 



30 



4541 . The method <&f claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 



4543. The method of claim 4534, further cojnprisiAg generating electricity from the 
synthesis gas using a fuel cell. 



:o^if 



4544. The method of claim 4534, further comprising generating electricity from the 

10 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separatedycarbon dioxide within a spent portion of the 
formation. 

4545. The method of claim 453^, further comprising using a portion of the synthesis gas 
15 as a combustion fuel for heating the formation. 

4546. The method of claim 4534, further comprising converting at least a portion of the 
produced synthesis gas to -condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

20 

4547. The method of c]kim 4534, further comprising converting at least a portion of the 
produced synthesis gasito methanol. 

4548. The method of claim 4534, further comprising converting at least a portion of the 
25 produced synthesis gas to gasoline. 

4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

5 455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
10 wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 

gas having a ratio of H 2 to carbon monoxide of approximately 2. 

4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heate/ 

15 / 

4554. The method of claim 4534/ wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 

4555. The method of claim 4534, wherein a heat source of the one or more heat sources 
20 comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 

produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. / 



4556. The method of claim 4534, further comprising providing heat from three or more 
25 heat sources to at leas/ a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises d triangular pattern. 



4557. The method of claim 4534, further comprising providing heat from three or more 
30 heat sources to ai least a portion of the formation, wherein three or more of the heat 
sources are locaied in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

/ 

over an area of the formation to form a repetitive pattern of units. 

4558. A method of in situ synthesis gas productk^ comprising: 
5 providing heat from one or more flamel^ss distributed combustor heaters to at 

least a first portion of a coal formation; / 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the /ne or more heaters substantially uniformly 
increases a permeability of the selected Section, and to raise a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 
synthesis gas; and / 

removing synthesis gas from the formation. 

15 4559. The method of claim ^558, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

20 4560. The method otfclaim 4558, further comprising producing the synthesis gas from 
the formation under i/ressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4561 . The methtfd of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 

temperature sufficient to generate synthesis gas. 

4562. The method of claim 4558, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 

30 portion of the formation. 
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4563. The method of claim 4558, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 



4564. The method of claim 4558, further comprising separating a portion of H 2 from the 
removed synthesis gas; and using a portion of/he separated H 2 as fuel for the one or more 
heaters. 

10 4565. The method of claim 4564, further comprising using a portion of exhaust products 
from one or more heaters as a portionyof the synthesis gas producing fluid 

4566. The method of claim 4558( further comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

15 

4567. The method of claim 4566, wherein the fuel cell produces steam, and wherein a 
portion of the steam is usea as a portion of the synthesis gas producing fluid. 

4568. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
20 wherein a portion of tht carbon dioxide is introduced into the formation to react with 

carbon within the formation to produce carbon monoxide. 



25 



4569. The method/of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount/of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. 



4570. The metjnod of claim 4558, further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 
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4571 . The method of claim 4558. wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, anjd wherein the hydrocarbons crack 
within the formation to increase an amount of H2 Within the generated synthesis gas. 



4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ur^t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



3U 
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10 4573. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation \<f form a repetitive pattern of units. 

15 

4574. A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient toypyrolyze hydrocarbons within the portion; 
producing pyro^yzation fluid from the formation; 
20 separating a ftifel cell feed stream from the pyrolyzation fluid; and 

directing the fuel cell feed stream to a fuel cell to produce electricity; 



4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 



25 4576. The method of claim 4574, wherein the fuel cell is a solid oxide fuel cell. 



4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to power the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 

5 4579. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than/5. 

4580. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less pan 3. 

10 

458 L The method of claim 4574, further c6mprising hydrogenating the pyrolyzation 
fluid with a portion of H 2 from the pyrolyzation fluid. 

4582. The method of claim 4574, whe/ein the hydrogenation is done in situ by directing 
15 the H 2 into the formation. 



20 



4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 

4584. The method of claim 4574, further comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H 2 , and producing a portion of the hydrogen from 
the formation. 



4585. The method of claimf 4584, further comprising directing an oxidizing fluid 
25 adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 



30 



4586. The method of c/aim 4574, further comprising storing C0 2 from the fuel cell 
within the formation. 
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4587. The method of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. / / 

4588. The method of claim 4574, further comprising c^ling the portion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, wherein cooling 7 the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 
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10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4591 . The method of claim 4589, farmer comprising using a portion of the removed 
steam as a synthesis gas producing flyid in a second portion of the formation. 

15 

4592. The method of claim 4574/further comprising: 
heating the portion to a temperature sufficient to support generation of synthesis 

gas after production of the pyrolyzation fluids; 

introducing a synthesi^gas producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portion df the synthesis gas from the formation. 



4593. The method of claim 4592, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 

25 by passing the produced synthesis gas through a turbine. 

4594. The method of claim 4592, further comprising using a first portion of the removed 
synthesis gas as fuel/cell feed. 

30 4595. The method of claim 4592, further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 

5 4597. The method of claim 4592, further con^rising using a portion of the synthesis gas 
to produce hydrocarbon product. 

4598. The method of claim 4592, further/comprising cooling the portion to form a spent 
portion of formation. 

10 

4599. The method of claim 4598, wtferein cooling the portion comprises introducing 
water into the portion to produce steAm, and removing steam from the formation. 

4600. The method of claim 4599, further comprising using a portion of the removed 
1 5 steam to heat a second portion of the formation. 

4601 . The method of claim 4599, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

20 4602. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 
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4603. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least i portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the for nation to form a repetitive pattern of units. 



V 
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4604. A method for in situ production of synthesis gas from a,coal formation, 
comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the? one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; / 

providing a synthesis gas generanng fluid to at least the portion of the selected 
section to generate synthesis gas; and/ 

producing a portion of the synthesis gas from the formation. 

4605. The method of claim 4604, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4607. The method/of claim 4604, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 m/llidarcy. 

4608. The mepod of claim 4604, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 
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4609. The method of claim 4604, wherein the temperature'sufficient to allow synthesis 
gas generation is within a range from approximately 40Q/°C to approximately 1200 °C. 

4610. The method of claim 4604, wherein heating aft least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heatersAre configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to4he zones substantially by diffusion; 

allowing the oxidizing fluid to /eact with at least a portion of the hydrocarbon 
material within the zones to produce/neat in the zones; and 

transferring heat from the zones to the selected section. 

461 1 . The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidising fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 

selected section, wherein Ahe portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4612. The method of claim 4604, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4613. The method of claim 4604, wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation/ and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 
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4614. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of tl^e selected section comprises 
introducing steam into the portion. 



10 
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4615. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis^as. 

4616. The method of claim 4604, further comprising: 
monitoring a composition of me produced synthesis gas; and 

controlling heating of at leas/ the portion of selected section and provision of the 
synthesis gas generating fluid to ijaaintain the composition of the produced synthesis gas 
within a desired range. 
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4617. The method of claim/^604, wherein the synthesis gas generating fluid comprises 
liquid water. 

20 461 8. The method of ^aim 4604, wherein the synthesis gas generating fluid comprises 
steam. 



25 



4619. The method/of claim 4604, wherein the synthesis gas generating fluid comprises 
water and carbon clioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



4620. The method of claim 4619, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4621. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon divide reacts with carbon in the 
formation to generate carbon monoxide. 



5 4622. The method of claim 462 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon/dioxide removed from the formation. 



10 



4623. The method of claim 4604, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the/at least the portion of the selected section. 



15 



4624. The method of claim 4604, wperein the synthesis gas generating fluid comprises 
water and hydrocarbons having carlzfon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2/concentration within the produced synthesis gas. 



20 



4625. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy conten/i of the produced synthesis gas. 



25 



4626. The method of claim 4604, further comprising maintaining a pressure within the 
formation during syntMesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4627. The method of claim 4604, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4628. The metHod of claim 4604, further comprising generating electricity from the 
30 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4629. The method of claim 4604, further comprising using a portion of the synthesis gas 
5 as a combustion fuel for the one or more heat sources. 



10 



4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

463 1 . The method of claim 4604, furtj/er comprising converting at least a portion of the 
produced synthesis gas to methanol. 



4632. The method of claim 4604,/nirther comprising converting at least a portion of the 
15 produced synthesis gas to gasolir 

4633. The method of claim 4604, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



20 4634. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thp formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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4635. The method off claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located/in the formation in a unit of heat sources, wherein the unit of heat 
sources comprise^a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 
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4636. A method for in situ production of synthesis ga^ from a coal formation, 
comprising: / 

heating a first portion of the formation to pyplyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from one oryfnore heat sources to a selected section 
of the formation, 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first portio^i, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portion 6f the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of claim 46p6, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4638. The method of claim/ 4636, further comprising separating ammonia within the 
20 aqueous phase from the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the second sectipn. 



4639. The method of clfaim 4636, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 
25 temperature sufficient to allow synthesis gas generation is achieved. 



4640. The method of claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit teipperature decrease in the second section due to synthesis gas 
30 generation. 
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4641 . The method of claim 4636, wherein heating the second^portion of the formation 
comprises convecting an oxidizing fluid into a portion of^the second portion that is above 
a temperature sufficient to support oxidation of carbon/within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid witlycarbon in the portion to generate 

5 heat within the portion. 

4642. The method of claim 4636, wherein hpting the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 

10 the heat to the second portion. 

4643. The method of claim 4636, Wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat from one or more electrical 
heaters. 

15 

4644. The method of claim 4j^36, wherein heating the second portion of the formation 
comprises heating the second^ section with a flameless distributor combustor. 

4645. The method of claim 4636, wherein heating the second portion of the formation 
20 comprises injecting steanV into at least the portion of the formation. 

4646. The method of dlaim 4636, wherein at least a portion of the aqueous fluid 
comprises a liquid phase. 

25 4647. The method df claim 4636, wherein the aqueous fluid comprises a vapor phase. 



30 



4648. The 
the portion of 
the formation. 



method/of claim 4636, further comprising adding carbon dioxide to at least 
aquepus fluid to inhibit production of carbon dioxide from carbon within 
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4649. The method of claim.4648, wherein a portion of thjb carbon dioxide comprises 
carbon dioxide removed from the formation. 

4650. The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the/aqueous fluid to increase a H 2 
concentration within the produced synthesis 



10 



465 1 . The method of claim 4636, furthe/ comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portic/n of the aqueous fluid to increase a H 2 
concentration within the produced syjrthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. 



15 



4652. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqi^eous fluid to increase energy content of the produced 
synthesis gas. 



20 



4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4654. The method of jfclaim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



25 4655. The method/of claim 4636, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4656. The methdd of claim 4636, further comprising generating electricity from the 
synthesis gas usirig a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



Conley. Rose & Tayon. P C. 



/' 

4657. The method of claim 4636, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5 4658. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4659. The method of claim 4636, furth/r comprising converting at least a portion of the 
10 produced synthesis gas to methanol. 

4660. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to gasoline 

1 5 466 1 . The method of claim 46Q6, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



w 20 



4662. The method of clairrf 4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4663. The method of claim 4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4664. A method for 
30 comprising: 



in situ production of synthesis gas from a coal formation, 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within ayportion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gas generating fluid info the portion through at least one 
injection wellbore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 

producing synthesis gas from at least ofie heat source wellbore in which is 
positioned proximate to a heat source of the p or more heat sources. 

4665. The method of claim 4664, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 



4666. The method of claim 4664, wherein creating a substantially uniform permeability 
£ 15 comprises heating the portion to a temperature within a range sufficient to pyrolyze 
IT! hydrocarbons within the portion, raising the temperature within the portion at a rate of 

5 less than about 5 °C per day durjng pyrolyzation and removing a portion of pyrolyzed 

5 fluid from the formation. 

iri z 

s y 

□ 20 4667. The method of claim 4664, further comprising removing fluid from the formation 
^ through at least the one injection wellbore prior to heating the selected section to the 

temperature sufficient to aWow synthesis gas generation. 

4668. The method of claim 4664, wherein the injection wellbore comprises a wellbore 
25 of a heat source in which is positioned a heat source of the one or more heat sources. 



30 



4669. The method of /claim 4664, further comprising heating the selected portion during 
providing the syntheses gas generating fluid to inhibit temperature decrease in at least the 



portion of the selected 



section due to synthesis gas generation. 



878 



Conlev. Rose & Tayon. P C. 



10 



4670. The method of claim 4664, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesi/gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 

4671 . The method of claim 4664, further comprising controlling the heating of the 
selected section and provision of the synthesis/gas generating fluid to maintain a 
temperature within the selected section abo^e the temperature sufficient to generate 
synthesis gas. 



4672. The method of claim 4664, further comprising: 
O monitoring a composition of the produced synthesis gas; and 

J controlling heating of the selected section and provision of the synthesis gas 

4= generating fluid to maintain the composition of the produced synthesis gas within a 

x; 15 desired range. 

& 4673. The method of claim /1664, wherein the synthesis gas generating fluid comprises 

J liquid water. 

p 20 4674. The method of cla/m 4664, wherein the synthesis gas generating fluid comprises 
^ steam. 

4675. The method of £laim 4664, wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

25 

4676. The method/of claim 4664, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 

4677. The method of claim 4676, wherein a portion of the carbon dioxide comprises 
30 carbon dioxide removed from the formation. 
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4678. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5 4679. The method of claim 4678, wherein a pprtion of the carbon dioxide comprises 
carbon dioxide removed from the formation. / 

4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raisin/ a water table of the formation to allow water to 

10 enter the selected section. / 

4681 . The method of claim 4664Avherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons unaergo a reaction within the selected section to increase a 

15 H2 concentration within the produced synthesis gas. 

4682. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 

20 content of the produced synthesis gas. 

4683. The method of claim 4664, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

25 / 

4684. The method pf claim 4664, further comprising generating electricity from the 
synthesis gas using /a fuel cell. 

4685. The method of claim 4664, further comprising generating electricity from the 

30 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4686. The method of claim 4664, further comprisii)^ using a portion of the synthesis gas 
5 as a combustion fuel for heating the formation. 

4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

10 

4688. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4689. The method of claim 4664,/iirther comprising converting at least a portion of the 
1 5 produced synthesis gas to gasolintf 

4690. The method of claim 46t>4, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



La 



20 469 1 . The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at A temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 



4692. The method of dlaim 4664, wherein a temperature of at least the one heat source 
25 wellbore is maintained/at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 



4693. The method df claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
30 gas having a ratio ot H2 to carbon monoxide of approximately 2. 
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4694. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises an electrical heater. n 

4695. The method of claim 4664, 'wherein a heat source of the one or more heat sources 
5 comprises a natural distributor heater. / 

4696. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustof (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 

10 wellbore. / 



4697. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formatioiyin a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

4698. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 
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4699. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat/to transfer from the one or more heat sources to a selected 
section of the formation/such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation; 

producing pyrolysis products from the formation; 



heating a first 
temperature sufficient 



>ortion of a formation with one or more heat sources to a 
to allow generation of synthesis gas; 
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providing a first synthesis gas generating fluid to^the first portion to generate a 
first synthesis gas; ' j 

removing a portion of the first synthesis gas from the formation; 

heating a second portion of a formation wi/h one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H 2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; / 

removing a portion of the second/synthesis gas from the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 

4700. The method of claim 4699,/wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4701. The method of claim/4699, wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 

4702. The method of claim 4699, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4703. The method of claim 4699, further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 

4704. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 2:1 Ffeto CO. 

of claim 4699, wherein the selected ratio is controlled to range from 
to approximately 2.2:1 H2to CO. 



4705. The method 
approximately 1.8: 
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4706. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. J 

5 4707. The method of claim 4699, wherein the/selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4708. The method of claim 4699, furthe/ comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 

1 0 produce condensable hydrocarbons. 

4709. The method of claim 4708,/wherein the condensable hydrocarbon synthesis 
process comprises a Fischer- Tropsch process. 

15 4710. The method of claim 4/09, further comprising cracking at least a portion of the 
condensable hydrocarbons to/form middle distillates. 

471 1 . The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

20 

4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

4713. The method off claim 4699, further comprising providing at least a portion of the 
25 produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 

30 maintained at a substantially constant temperature configured to produce second 
synthesis gas hajing the H 2 to CO ratio greater the first synthesis gas. 
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4715. The method of claim 4699, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature o^/the first portion is at a temperature that 
will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 



10 



4716. The method of claim 4699, wh/rein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons/react within the formation to increase a H2 
concentration within the producer second synthesis gas. 



15 



4717. The method of claim 4699, wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H 2 to CO mixture ,6f less than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction ko reduce an amount of CO and increase an amount of H2 to 
produce the selected ratio of H2 to CO. 



20 



471 8. The method of claim 4699, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H2 before 
blending the first synthesis gas with the second synthesis gas. 



25 



4719. The method of claim 4699, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



30 



4720. Themethi 
from the formation 
turbine to generate 



d of claim 4699, further comprising removing the second synthesis gas 
under pressure, and passing removed second synthesis gas through a 
electricity. 
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4721 . The method of claim.4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 



4722. The method of claim 4699, further comprising generating electricity from the 

5 blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separat^ carbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699, further comprising using at least a portion of the 
10 blended synthesis gas as a combustion fuel for heating the formation. 

4724. The method of claim 4699/further comprising allowing the heat to transfer from 
the one or more heat sources to ttte selected section to substantially uniformly increase a 
permeability of the selected section. 

15 

4725. The method of claim/4699, further comprising controlling heat transfer from the 
one or more heat sources t</ produce a permeability within the selected section of greater 
than about 100 millidarcy/ 

20 4726. The method of dlaim 4699, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4727. The method m claim 4699, wherein the temperature sufficient to allow synthesis 
25 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4728. The methdd of claim 4699, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 



heating z< 



30 disposed in the wellbores. wherein the heaters are configured to raise temperatures of the 



ines adjacent to wellbores of one or more heat sources with heaters 
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zones to temperatures sufficient to support reaction cjf hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



4729. The method of claim 4699, wherein heating the second portion of the selected 
. section to a temperature sufficient to allbw synthesis gas generation comprises: 

heating zones adjacent to welloores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures* sufficient ty support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones tor produce heat in the zones; and 
transferring heat from the>zones to the selected section. 

4730. The method of <£laim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 



473 1 . The method of claim 4699, wherein heating the second portion of the selected 
section to a [temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the second portion of the selected section to 
5 generate heat and raise the temperature of the second portion. 

4732. The method of claim 4699, wherein tbfe one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

10 4733. The method of claim 4699, wherein the one or more heat sources comprises one 
or more natural distributor combustor 



*¥* 15 



4734. The method of claim 4699/ wherein the one or more heat sources comprise one or 
more heater wells, wherein at leafet one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



20 



4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 



25 
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4736. The method oflclaim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas/generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 



4737. The method 
portion of selected 
maintain a 
temperature suffici 



of claim 4699, further comprising controlling the heating of the first 
section and provision of the first synthesis gas generating fluid to 
temperajture within the first portion of the selected section above the 
nt to generate synthesis gas. 



888 



Conle\\ Rose & Tayon. P.C. 



/ 

4738. The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portior/ of the selected section above 
the temperature sufficient to generate synthesis gas. 



4739. The method of claim 4699, wherein the fi^st synthesis gas generating fluid 
comprises liquid water. 

10 4740. The method of claim 4699, wherein /he second synthesis gas generating fluid 
comprises liquid water. 

4741 . The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises steam. 

15 

4742. The method of claim 4699/ wherein the second synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4&99, wherein the first synthesis gas generating fluid 
20 comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 

carbon dioxide from the selected section. 

4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 

25 formation. 



30 



4745. The method or claim 4699, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from/ the selected section. 
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4746. The method of claim 4745. wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon ^ioxide removed from the 
formation. 

5 4747. The method of claim 4699. wherein the first synthesis gas generating fluid 

comprises carbon dioxide, and wherein a portion/of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide.; 

4748. The method of claim 4747, whereir/a portion of the carbon dioxide within the 
10 first synthesis gas generating fluid composes carbon dioxide removed from the 
formation. 



15 



4749. The method of claim 4699. wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wMerein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 



20 



4750. The method of claim/4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4751. The method of <£laim 4699, wherein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow wAter to flow into the first portion of the selected section. 



25 4752. The methocUof claim 4699, wherein providing the second synthesis gas generating 
fluid to the second/portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 



4753. The method of claim 4699, wherein the first synthesis gas generating fluid 



30 comprises water 



and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 

4754. The method of claim 4699, wherein the second synthesis gas generating fluid 
5 comprises water and hydrocarbons having carbon numbers less than 5. and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H 2 concentration within the produced second 
synthesis gas. / 

10 4755. The method of claim 4699, wherein the first synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

15 4756. The method of claim 4609, wherein the second synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4. and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content of the second produced synthesis gas. 

20 4757. The method of claim 4699, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4758. The method of claim 4699, further comprising generating electricity from the 
25 blended synthesis gas using a fuel cell. 

4759. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 

30 the formation. 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4761 . The method of claim 4699, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

4763. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more/neat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons witnin the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion/of the selected section to a temperature sufficient to 
generate synthesis gas; / 

controlling a temperatiire of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4765. The method of cla m 4764, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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4766. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 2:1 I-hto CO. 

5 4767. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 I-bto CO. 

4768. The method of claim 4764, wherein the selected p^tio is controlled to be 
approximately 3:1 tbto CO. 

10 

4769. The method of claim 4764. wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 /o CO. 

4770. The method of claim 4764, further ^comprising providing at least a portion of the 
15 produced synthesis gas to a condensableyhydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4771 . The method of claim 4770, y^herein the condensable hydrocarbon synthesis 
process comprises a Fischer-Trop^ch process. 

20 

4772. The method of claim 47^ 1 , further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The method of claim /4764, further comprising providing at least a portion of the 
25 produced synthesis gas to a/catalytic methanation process to produce methane. 

4774. The method of cla/m 4764, further comprising providing at least a portion of the 
produced synthesis gas tq a methanol-synthesis process to produce methanol. 



30 4775. The method of c 
produced synthesis gas 



aim 4764, further comprising providing at least a portion of the 
a gasoline-synthesis process to produce gasoline. 



10 



v. 
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4776. The method of claim 4764, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

5 / 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability witmn the selected section of greater 
than about 100 millidarcy. / 

10 4778. The method of claim 4764, further compri/ing heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4779. The method of claim 4764, whereir/ the temperature sufficient to allow synthesis 
15 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4780. The method of claim 4764, whferein heating at least the portion of the selected 
section to a temperature sufficient ta allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
20 disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient/to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidising fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
25 material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4781 . The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

30 introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
5 heat and raise the temperature of the portion. 

4782. The method of claim 4764. wherein the one or mp^e heat sources comprise one or 
more electrical heaters disposed in the formation. 

10 4783. The method of claim 4764, wherein the or^ or more heat sources comprises one 
or more natural distributor combustors. 



15 



4784. The method of claim 4764, wherein me one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



20 



4785. The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to ^t least the portion of the selected section comprises 
introducing steam into the portion. 



25 



4786. The method of claim 4764, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



30 



4787. The method of ctyim 4764, wherein the synthesis gas generating fluid comprises 
liquid water. 
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4788. 
steam. 



The method of claim 4764, wherein the synthesis gas generating fluid comprises 



10 



4789. The method of claim 4764, wherein the synthesis ms generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4790. The method of claim 4789, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carboii dioxide removed from the formation. 

4791 . The method of claim 4764, wherein/the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of /he carbon dioxide reacts with carbon in the 
formation to generate carbon monoxida 



1 5 4792. The method of claim 479 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



20 



4793. The method of claim 4764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



25 



4794. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons Having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



30 



4795. The method of/claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy c< ntent of the produced synthesis gas. 
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4796. The method of claim 4764, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

5 4797. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4798. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carl/on dioxide from a fluid exiting the fuel cell, 

10 and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4799. The method of claim 4764, furtner comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

15 / 

4800. A method of treating a coaltformation in situ, comprising: 
providing heat from one on more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation such mat the heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a pomon of the selected section to a temperature sufficient to 
generate synthesis gas; / 
25 controlling a temperature in or proximate to a synthesis gas production well to 

generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 
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4801 . The method of claim 4800 5 wherein the one or moije heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



4802. The method of claim 4800, wherein the selected ratio is controlled to be 
approximately 2:1 I-^to CO. 

4803. The method of claim 4800, wherein tWe selected ratio is controlled to range from 
1 0 approximately 1 .8: 1 to approximately 2.2: 1/H2 to CO. 

4804. The method of claim 4800, wheyein the selected ratio is controlled to be 
approximately 3:1 H2to CO. 

15 4805. The method of claim 4800, therein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4806. The method of claim 48U0, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

20 condensable hydrocarbons. 

4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fiscner-Tropsch process. 

25 4808. The method of /laim 4807, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



30 



4809. The method 6f claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 



V 
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48 1 0. The method of claim 4800 ; further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

481 1. The method of claim 4800, further comprising providing at least a portion of the 
5 produced synthesis gas to a gasoline-synthesis pnzfcess to produce gasoline. 

48 1 2. The method of claim 4800, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

irther comprising controlling heat transfer from the 
a permeability within the selected section of greater 

15 48 1 4. The method of claim 48t)0, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



48 1 3 . The method of claim 4800, 
one or more heat sources to produci 
than about 1 00 millidarcy. / 



4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
20 gas generation is within a/range from approximately 400 °C to approximately 1200 °C. 

4816. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones' adjacent to wellbores of one or more heat sources with heaters 
25 disposed in the welloores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
30 material within/the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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4817. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
5 transporting the oxidizing fluid substantially by conyection into the portion of the 

selected section, wherein the portion of the selected s^ctionjis at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. / 
10 / 

481 8. The method of claim 4800, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4819. The method of claim 4800, wherein the one or more heat sources comprises one 
1 5 or more natural distributor combustors. 



4820. The method of claim 4800, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
20 the conduit. / 



482 1 . The method of clai/n 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating/fluid to at least the portion of the selected section comprises 

25 introducing steam into me portion. 

4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 

30 temperature sufficient to generate synthesis gas. 
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4823. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
liquid water. . 

4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
5 steam. / 



4825. The method of claim 4800, wherein the synthesiygas generating fluid comprises 
water and carbon dioxide. 



P3 



10 4826. The method of claim 4825, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon/dioxide removed from the formation. 

4827. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of tne carbon dioxide reacts with carbon in the 
15 formation to generate carbon monoxide. 



4828. The method of claim 4827, whferein a portion of the carbon dioxide within the 
synthesis gas generating fluid compr/ses carbon dioxide removed from the formation. 



20 4829. The method of claim 4800/ wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
25 water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

portion of the hydrocarbon^ are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 



483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
30 water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
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15 



portion of the hydrocarbons react within at least the portion of/the selected section to 
increase an energy content of the produced synthesis gas. 

4832. The method of claim 4800,' further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing^roduced synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800 5 further compr^ing generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of claim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel celL 
and storing a portion of the separated carjfron dioxide within a spent section of the 
formation. 

4835. The method of claim 4800, f^her comprising using a portion of the synthesis gas 
as a combustion fuel for the one or Aiore heat sources. 



4836. A method of treating a coal formation in situ, comprising: 
20 providing heat from one/or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 
25 producing pyrolysip products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having aW 2 to CO ratio different than a selected H2 to CO ratio; 
30 providing a synthesis gas generating fluid to at least the portion of the selected 

section to generate swithesis gas; and 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H 2 to CO ratio. 



4837. The method of claim 4836, wherein the y6ne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4838. The method of claim 4836. wh^ein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

4839. The method of claim 4836,Avherein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H 2 tc/CO. 

4840. The method of claim 4§36, wherein the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 

4841 . The method of claimf 4836, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 32^1 H 2 to CO. 

4842. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas tfo a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

4843. The method of claim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer- Tropsch process. 
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4844. The method of claim 4843, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



4845. The method of claim 4836, further comprising providing at least a portion of the 
5 produced synthesis gas to a catalytic methanation'process to produce methane. 



4846. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

10 4847. The method of claim 4836, furtl/er comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4848. The method of claim 4836/further comprising allowing the heat to transfer from 
the one or more heat sources to tMe selected section to substantially uniformly increase a 

15 permeability of the selected section. 

4849. The method of claim#836, further comprising controlling heat transfer from the 
one or more heat sources Xoj produce a permeability within the selected section of greater 
than about 100 millidarcyy 

20 

4850. The method of daim 4836, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

25 485 1 . The methocyof claim 4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4852. The methbd of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
30 heating zones adjacent to wellbores of one or more heat sources with heaters 

disposed in the/ wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a potion of the hydrocarbon 
material within the zones to produce heat in the zones; andy 
transferring heat from the zones to the selected section. 

4853. The method of claim 4836, wherein heating ar least the portion of the selected 
section to a temperature sufficient to allow syntheses gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid withinythe portion of the selected section to generate 
heat and raise the temperature of the portion. 

4854. The method of claim 4836, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4855. The method of claim 4836, wherein the one or more heat sources comprises one 
or more natural distributor comWustors. 

4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature/ sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam intqf the portion. 
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4858. The method of claim 4836, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the/selected section above the 
temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
liquid water. 
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10 4860. The method of claim 4836, whereiiythe synthesis gas generating fluid comprises 
steam. 

4861 . The method of claim 4836, wl/erein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein jhe carbon dioxide inhibits production of carbon 

1 5 dioxide from the selected section. y 

4862. The method of claim 48*61 , wherein a portion of the carbon dioxide within the 
synthesis gas generating, fluid comprises carbon dioxide removed from the formation. 

20 4863. The method of cla/m 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4864. The method pi claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836, wherein the synthesis gas^gSnerating fluid comprises 



water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



10 



4867. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers/greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4868. The method of claim 4836, further comprising maintaining a pressure within the 
formation during synthesis gas generjiftion, and passing produced synthesis gas through a 
turbine to generate electricity. 



15 4869. The method of claim 48/6, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



□ 20 



4870. The method of claind 4836, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of tpe separated carbon dioxide within a spent section of the 
formation. 



25 
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4871 . The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A method pf forming a spent portion of formation within a coal formation, 
comprising: 

heating el first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 
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4873. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 

4874. The method of claim 4872, wherein heating the fi/st portion comprises 

5 transferring heat to the first portion from one or more natural distributor combustors. 

4875. The method of claim 4872, wherein heating/the first portion comprises 
transferring heat to the first portion from one or itiore flameless distributor combustors. 

10 4876. The method of claim 4872, wherein heating the first portion comprises 

transferring heat to the first portion from he/t transfer fluid flowing within one or more 
wellbores within the formation. 



15 



4877. The method of claim 4876, wherein the heat transfer fluid comprises steam. 

4878. The method of claim 4876,/vherein the heat transfer fluid comprises combustion 
products from a burner. 



4879. The method of claim 4872, wherein heating the first portion comprises 
20 transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at leAst two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

25 4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 
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488 1 . The method/of claim 4879, further comprising removing fluid from the formation 
through one or more production wells. 
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4882. The method of claim 4881, wherein the one or more pr6duction wells are located 
in a pattern, and wherein the one or more production wells a^e positioned substantially at 
centers of base heater units. 



5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of claim 4879, wherein the hefater unit comprises four heater wells 
positioned substantially at apexes of a rectangl^ 

10 

4885. The method of claim 4879, whereinihe heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4886. The method of claim 4879, wherein the heater unit comprises six heater wells 
1 5 positioned substantially at apexes of/a regular hexagon. 

4887. The method of claim 487/, further comprising introducing water to the first 
portion to cool the formation. 

20 4888. The method of clairry4872, further comprising removing steam from the 
formation. 

4889. The method of c/aim 4888, further comprising using a portion of the removed 
steam to heat a seconcy portion of the formation. 

25 

4890. The method/)f claim 4872, further comprising removing pyrolyzation products 
from the formatior 

4891 . The method of claim 4872, further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 

synthesis gas from the formation. 



909 



Conley : Rose & Tavon. PC 



4892. The method of claim 4872. further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion removing pyrolyzation 
fluid from the second portion, and storing a portion of the ^moved pyrolyzation fluid 
within the first portion. 



4893. The method of claim 4892, wherein the porti 
is stored within the first portion when surface facilj 
pyrolyzation fluid are not able to process the po: 



n of the removed pyrolyzation fluid 
ies that process the removed 
of the removed pyrolyzation fluid. 



4894. The method of claim 4892, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4895. The method of claim 4872, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed syndesis gas within the first portion. 

4896. The method of claim 4895( wherein the portion of the removed synthesis gas from 
the second portion are stored witnin the first portion when surface facilities that process 
the removed synthesis gas are yiot able to process the portion of the removed synthesis 
gas. 

4897. The method of clair£ 4895, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material in the first portion. 



4899. The method df claim 4898, further comprising using at least a portion of the 
carbon containing material removed from the formation in a metallurgical application. 



910 



Conley. Rose & Tayon. P.C. 



4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. 

4901 . A method of sequestering carbon dioxide within a coal formation, comprising: 
5 heating a portion of the formation to increase permeability and form a 

substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

1 0 4902. The method of claim 490 1 , wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4903 . The method of claim 490 1 , further Comprising raising a water level within the 
portion to inhibit migration of the carbonyaioxide from the portion. 

15 

4904. The method of claim 4901, fu^her comprising heating the portion to release 
carbon dioxide, and removing carborf dioxide from the portion. 

F= / 

4905. The method of claim 490 K further comprising pyrolyzing hydrocarbons within 
~F 20 the portion during heating of the/portion, and removing pyrolyzation product from the 
lI formation. 
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4906. The method of claim #901, further comprising producing synthesis gas from the 
portion during the heating ot the portion, and removing synthesis gas from the formation. 

4907. The method of dmm 4901, wherein heating the portion comprises: 

heating hydrocarbon material adjacent to one or more wellbores to a temperature 
sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid: 

introducing the/oxidizing fluid to hydrocarbon material adjacent to the one or 
more wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced heat to the portion. 
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4908. The method of claim 4907 5 wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocarbon material. 

5 4909. The method of claim 4907, wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C/to approximately 1200 °C. 

49 1 0. The method of claim 490 1 , wherein heathlg the portion comprises circulating heat 
transfer fluid through one or more heating well/within the formation. 

10 / 

49 1 1 . The method of claim 49 1 0, wherein /the heat transfer fluid comprises combustion 
products from a burner. / 

4912. The method of claim 4910, wh/rein the heat transfer fluid comprises steam. 
15 / 

49 1 3. The method of claim 490 1 , nirther comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 

20 4914. The method of claim 490 1 5 further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. / 

49 1 5. The method of claim 490 1 , further comprising using a portion of the carbon 

25 dioxide for enhanced oil /recovery prior to storing the carbon dioxide within the portion. 

49 1 6. The method of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

30 49 1 7. The method if claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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491 8. The method of claim 490 1 , further comprising allowing the portion to cool by 



/• 



introducing water to the portion; and removing the water from the formation as steam. 



5 491 9. The method of claim 491 8, further comprising /sing the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4920. The method of claim 4901, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon/containing material within the formation. 



15 



492 L The method of claim 4901, whereift storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream fronvthe formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon dioxide in the second stream. 



m 



n 



20 



4922. The method of claim 4901, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 



25 



4923. The method of claim 4901, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



4924. The methocyof claim 4901 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 
situ, comprising: 

providing heat from one or more heat sources to a^least a first portion of the 
formation; 

allowing the heat to transfer from one or mor/ sources to a selected section of the 
formation such that the heat from the one or more lleat sources pyrolyzes at least some 
hydrocarbons within the selected section of the formation; 

producing pyrolyzation fluids, whereir/the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 



15 4926. The method of claim 492 5 /wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least som^ hydrocarbons within the selected section of the 
formation. 

20 4927. The method of clai/n 4925, wherein the carbon dioxide is stored within a spent 
portion of the formations 

4928. The method oyclaim 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 



25 



4929. The methoel of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



30 4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from tthe pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 



5 493 1 . The method of claim 4925, further comprising/separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the ^arbon dioxide to displace 
hydrocarbon bed methane. 

4932. The method of claim 493 1 , wherein the hydrocarbon bed is a deep hydrocarbon 
10 bed located over 760 m below ground surface. 

4933. The method of claim 493 1 , further comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 

1 5 4934. The method of claim 4925, further comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 



20 



4935. The method of claim 4934, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 



25 



4936. The method of claim 4925, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which hydrocarbons/have been produced, and wherein the spent portion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 



30 



4937. The method of fclaim 4925, further comprising raising a water level within the 



spent portion to inhibi 



migration of the carbon dioxide from the portion. 
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4938. The method of claim 4925, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 



4939. The method of claim 4925, wherein producing fluids fydm the formation 

5 comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the/selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4939, wherein the temperature sufficient to generate 
10 synthesis gas ranges from about 400 °C to about 1200 °C. 



15 
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4941 . The method of claim 4939, wherein heating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4939/wherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation of the hydrocarbon material with an oxidant; 

introducing the oxidant to hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced/heat to the portion. 



25 



4943. The method of clafim 4925, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation pf the spent portion. 



4944. The method </f claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 

30 4945. The methc/d of claim 4925, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4946. The method of claim 4945, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

5 4947. The method of claim 4925, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

4948. The method of claim 4947, wherein the h^t transfer fluid comprises combustion 
products. 



10 



4949. The method of claim 4947, wherein Ae heat transfer fluid comprises steam. 



15 



4950. The method of claim 4925, wherein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. 



20 



495 1 . The method of claim 4923, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulaf pattern. 



4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a coition of the formation, wherein three or more of the heat 
sources are located in thef formation in a unit of heat sources, wherein the unit of heat 

25 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4953. A method for in situ production of energy from a coal formation, comprising: 
providing he^t from one or more heat sources to at least a portion of the 

30 formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section ofthe formation; 

producing pyrolysis products from the formation; / 

providing at least a portion of the pyrolysis produ/ts to a reformer to generate 
synthesis gas; / 
producing the synthesis gas from the reformer; 

providing at least a portion of the produced/synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream: and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. / 

4954. The method of claim 4953, when/in the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4955. The method of claim 496 3, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. / 

4956. The method of claip 4953, wherein the synthesis gas comprises carbon dioxide 
and H2. / 

4957. The method of claim 4953, wherein the subsurface formation is a spent portion of 
the formation. / 

4958. The methocyof claim 4953, wherein the subsurface formation is an oil reservoir. 

4959. The method of claim 4958, wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4960. The method of claim 4953, wherein the subsurface- formation is a second coal 
formation. 

4961. The method of claim 4960, wherein the second coal formation is located greater 
5 than about 760 m below ground surface. 

4962. The method of claim 4960, wherein d least a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 

10 4963. The method of claim 4962, furthfer comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. 

4964. The method of claim 4953,/vherein the reformer produces a reformer carbon 
dioxide containing exit stream. 

15 

4965. The method of claim 49^63, further comprising storing at least a portion of the 
carbon dioxide in the reforme/ carbon dioxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claii/i 4965, wherein the subsurface formation is a spent portion of 
the formation. 

4967. The method of clMm 4965, wherein the subsurface formation is an oil reservoir. 

25 4968. The method of claim 4967, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 



4969. The method of claim 4965, wherein the subsurface formation is a second coal 
30 formation. 
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4970. The method of claim 4868. wherein at least a portioiy)f the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
second coal formation. / 

5 497 1 . The method of claim 4970, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide comaining exit stream within the 
second coal formation. / 

4972. The method of claim 4969, wherein the /econd coal formation is located greater 
10 than about 760 m below ground surface. / 

4973. The method of claim 4953, wherem the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4953, wherein the fuel cell is a solid oxide fuel cell. 
15 / 

4975. The method of claim 4953,Airther comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4976. The method of claim 4953, further comprising using a portion of the produced 
20 pyrolysis products as a feed stream for the fuel cell. 

4977. The method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

25 4978. The method of claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 

30 
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4980. The method of claim ,4953, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

498 1 . The method of claim 4953, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat spurces. 

4982. A method for producing ammonia using a coal formation, comprising: 
separating air to produce an O2 rich stream and a N2 rich stream; 

heating a selected section of the/formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; / 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas; / 

producing synthesis/gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; / 

providing at least/a portion of the H 2 in the synthesis gas to an ammonia synthesis 
process; / 

providing N 2 to the ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

4983 . The method of claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3:1. 

4984. The method of claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5 4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4987. The method of claim 4986, wherein/the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

10 

4988. The method of claim 4987, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4989. The method of claim 4982( wherein at least a portion of the N2 stream is used to 
15 condense hydrocarbons with 4 o/more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

20 4991 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of claim 4982, wherein the air is separated by membrane separation. 

4993. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
25 formation comprise ammonia and, further comprising adding at least a portion of such 

ammonia to the ami/honia generated from the ammonia synthesis process. 



30 



4994. The methop of claim 4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and, further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 
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4995. The method of claim 4982. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5 4996. The method of claim 4982, further composing providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

4997. The method of claim 4982, further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a po/tion of the carbon dioxide from the shift process to the 
urea synthesis process. 

15 4998. The method of claim 4^82, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, Avherein the heaters are configured to raise temperatures of the 
20 zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 
allowing O2 inAhe O2 rich stream to react with at least a portion of the 
hydrocarbon materiay within the zones to produce heat in the zones; and 
25 transferring neat from the zones to the selected section. 



30 



4999. The method of claim 4998, wherein temperatures sufficient to support reaction of 
hydrocarbon within the zones with O2 range from approximately 200 °C to approximately 
1200 °C. 
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5000. The method of claim 4998, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. / ^ 

5001. The method of claim 4998, wherein the on/ or more heat sources comprises one 
5 or more natural distributor combustors. / 

5002. The method of claim 4998, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising healting the conduit by flowing a hot fluid through 

10 the conduit. / 

5003. The method of claim 4998, mrther comprising using a portion of the synthesis gas 
as a combustion fuel for the one or/more heat sources. 

15 5004. The method of claim 4982, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: / 

introducing the O2 ricll stream into the formation through a wellbore; 
transporting O2 in the 0 2 rich stream substantially by convection into the portion 
20 of the selected section, whetfein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the 0 2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 

25 5005. The method of claim 5005, wherein the temperature sufficient to support an 
oxidization reaction with 0 2 ranges from approximately 200 °C to approximately 1200 
°C. / 

5006. The method If claim 5005, wherein the one or more heat sources comprises one 
30 or more electrical heaters disposed in the formation. 
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5007. The method of claim 5005, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

5008. The method of claim 5005, wherein the on/ or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5009. The method of claim 5005, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5010. The method of claim 4982, further comprising controlling the heating of at least 
the portion of the selected section/and provision of the synthesis gas generating fluid to 
maintain a temperature within a/ least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

501 1 . The method of claim 4982, wherein the synthesis gas generating fluid comprises 
liquid water. / 

5012. The method of/claim 4982, wherein the synthesis gas generating fluid comprises 
steam. / 

5013. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
water and carbon /dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5014. The method of claim 501 3, wherein a portion of the carbon dioxide within the 
synthesis gas /generating fluid comprises carbon dioxide removed from the formation. 
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501 5. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dpxide reacts with carbon in the 
formation to generate carbon monoxide. 

5 5016. The method of claim 501 5. wherein a potion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



5017. The method of claim 4982, wherein/providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into ther at least the portion of the selected section. 



501 8. A method for producing ammonia using a coal formation, comprising: 
generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation. 

15 wherein the second ammonia fee</ stream has a H2 to N 2 ratio greater than a H 2 to N 2 ratio 
of the first ammonia feed strea 

blending at least a portion of the first ammonia feed stream with at least a portion 
of the second ammonia feed st/eam to produce a blended ammonia feed stream having a 
selected H 2 to N 2 ratio; 

20 providing the blended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

50 1 9. The method of claim 5018, wherein the selected ratio is approximately 3:1. 

25 5020. The method of claim 5018, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 6.2:1. 



5021 . The method oj claim 501 8, further comprising separating at least a portion of 
carbon dioxide in the/ first ammonia feed stream from at least a portion of the first 
30 ammonia feed strea 
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5022. The method of claim 5021, wherein the carbon dioxides separated from the first 
ammonia feed stream by an amine separator. / 1 

5023. The method of claim 5022, fiirther comprising .providing at least a portion of the 
5 carbon dioxide to a urea synthesis process. / 

5024. The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed ^tream from at least a portion of the blended 
ammonia feed stream. / 

10 / 

5025. The method of claim 5024, wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5026. The method of claim 5025( further comprising providing at least a portion of the 
1 5 carbon dioxide to a urea synthesis process 

5027. The method of claim/501 8, further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. / 

20 / 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feea stream by an amine separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
25 carbon dioxide to /a urea synthesis process. 

5030. The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

30 



V 
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503 1 . The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portipd of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5032. The method of claim 501 8, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5033. The method of claim 501 8, /further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising providing 

carbon dioxide from the formation to the urea synthesis process. 

5034. The method of clainy501 8, further comprising providing at least a portion of the 
ammonia to a urea synthes/s process to produce urea and further comprising shifting at 

15 least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 



5035; A method fov producing ammonia using a coal formation, comprising: 
20 heating a selected section of the formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing/a synthesis gas generating fluid and an O2 rich stream to the selected 

section, wherein/the amount of N 2 in the 0 2 rich stream is sufficient to generate synthesis 

gas having a selected ratio of H2 to N2; 
25 allowirfg the synthesis gas generating fluid and 0 2 in the 0 2 rich stream to react 

with at least ^portion of the hydrocarbon material in the formation to generate synthesis 

gas having a /selected ratio of H 2 to N 2 ; 

producing the synthesis gas from the formation; 

providing at least a portion of the H 2 and N 2 in the synthesis gas to an ammonia 



30 synthesis p 



ocess; 



using the ammonia synthesis process to generate ammonia. 



\ 
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5036. The method of claim 5035, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H2 to 
N2 ratio. / 

5037. The method of claim 5035, wherein the selected ratio is approximately 3:1. 

5038. The method of claim 5035, wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. / 

5039. The method of claim 5(B5, wherein the temperature sufficient to support reaction 
of hydrocarbon material in th^ formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5040. The method of claim 5035, wherein the O2 stream and N2 stream are obtained by 
cryogenic separation of air. 

5041 . The method of claim 5035, wherein the O2 stream and N 2 stream are obtained by 
membrane separation of air. 

5042. The method of claim 5035, further comprising separating at least a portion of 
carbon dioxide /n the synthesis gas from at least a portion of the synthesis gas. 

5043. The method of claim 5042, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

5044. The method of claim 5043, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5045. The method of claim 5035, wherein fluids produced' during pyrolysis of a coal 
formation comprise ammonia and. further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia/synthesis process. 



5 5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some amn/onia is produced during hydrotreating. 
and further comprising adding at least a portion/of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

10 5047. The method of claim 5035, further/comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5048. The method of claim 5035, fUrther comprising providing at least a portion of the 
ammonia to a urea synthesis procesfs to produce urea and, further comprising providing 

1 5 carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis/process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 

20 process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



5050. The method of claim 503 5, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 

25 synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; 

30 introducing the O2 to the zones substantially by diffusion; 
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allowing O2 in the O2 rich stream to react with at ^ast a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

505 1 . The method of claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with 0 2 rpge from approximately 200 °C to 
approximately 1200 °C. / 

5052. The method of claim 5050, wherein/the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5053. The method of claim 5050, wh/rein the one or more heat sources comprises one 
or more natural distributor combusto/s. 

5054. The method of claim 5050; wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5055. The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for tne one or more heat sources. 

5056. The method offclaim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

introducing/the 0 2 rich stream into the formation through a wellbore; 

transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting/the 0 2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 
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5057. The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 



5058. The method of claim 5056, wherein thef one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5059. The method of claim 5056, wher^n the one or more heat sources comprises one 
10 or more natural distributor combustors./ 
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5060. The method of claim 5056, wherein the one or more heat sources comprise one or 
more heater wells, wherein at leas/ one heater well comprises a conduit disposed within 
the formation, and further composing heating the conduit by flowing a hot fluid through 
the conduit. 



5061 . The method of claim/5056, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4= 
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5062. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature Avithin at least the portion of the selected section above the 
temperature sufficient Lo generate synthesis gas. 



25 5063. The method <pf claim 5035, wherein the synthesis gas generating fluid comprises 
liquid water. 
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5064. The methqtl of claim 5035, wherein the synthesis gas generating fluid comprises 
steam. 
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5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5 5066. The method of claim 5065 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5067. The method of claim 5035, wherein tile synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of ttye carbon dioxide reacts with carbon in the 

10 formation to generate carbon monoxide. 

5068. The method of claim 5067, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

15 5069. The method of claim 5035/wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5070. A method for producing ammonia using a coal formation, comprising: 
20 providing a first stream comprising N2 and carbon dioxide to the formation; 

allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; 

producing a second! stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 
25 providing at least a portion of the N2 in the second stream to an ammonia 

synthesis process. 
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5071 . The method of claim 5070, wherein the second stream comprises H 2 from the 
formation. 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. 

5073. The method of claim 5072, wherein the first stream is generated by reacting a 
5 oxidizing fluid with hydrocarbon material in the formation. 

5074. The method of claim 5070. wherein the second stream comprises H 2 from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

10 5075. The method of claim 5070, further con^prising using the ammonia synthesis 
process to generate ammonia. 



ro 
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5076. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 



20 



5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at /east some ammonia is produced during hydrotreating, 
and further comprising adding at/least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



5078. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis/process to produce urea. 

25 5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the/formation to the urea synthesis process. 



5080. The method of/claim 5075, further comprising providing at least a portion of the 
30 ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carpon monoxide in the synthesis gas to carbon dioxide in a shift 
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process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. . 

5081 . A method for treating hydrocarbons in at least/a portion of a coal formation, 
5 wherein the portion has an average permeability of \iss than about 1 0 millidarcy, 

comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation such that heat from tne heat sources pyrolyzes at least some 
10 hydrocarbons within the selected section, and wherein heat from the heat sources 

increases the permeability of at least a portion of the selected section; and 
producing a mixture comprising hydrocarbons from the formation. 

5082. The method of claim 508 1 , Wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 

20 5083. The method of claim 508 1 , further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the seletted section. 

25 5084. The method if claim 508 1 , wherein the heat is provided such that an average 

temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. / 

5085. The method of claim 508 1 , wherein at least one of the one or more heat sources 
30 comprises an electrical heater located in the formation. 
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5086. The method of claim 5081, wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5 

5087. The method of claim 5081 , wherein at le^t some of the heat sources are arranged 
in a triangular pattern. 

5088. The method of claim 508 1 , further comprising: 
10 monitoring a composition of the produced mixture; and 

controlling a pressure in at least £ portion of the formation to control the 
composition of the produced mixture. 

5089. The method of claim 5088, wherein the pressure is controlled by a valve 
1 5 proximate to a location where the mixture is produced. 

5090. The method of claim 50,88, wherein the pressure is controlled such that pressure 
proximate to the one or more Meat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

20 / 

5091 . A method for treating hydrocarbons in at least a portion of a coal formation, 

wherein the portion has aiy average permeability of less than about 10 millidarcy, 
comprising: 

providing heat frjkm one or more heat sources to the formation; 

25 allowing the hem to transfer from the one or more heat sources to a selected 

section of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at least a portion of the hydrocarbons in the selected section; 
and / 

30 producing a mixture comprising hydrocarbons from the formation. 
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5092. The method of claim 5091, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat froniat least the two heat sources vaporizes 

5 at least the portion of the hydrocarbons in the selected section. 

5093. The method of claim 5091 , further comprising allowing heat to transfer from at 
least one of the one or more heat sources to4he selected section to create thermal 
fractures in the formation, wherein the th/rmal fractures substantially increase the 

10 permeability of the selected section. / 

5094. The method of claim 509 1 , wherein the heat is provided such that an average 
temperature in the selected sectionr ranges from approximately about 270 °C to about 400 
°C. / 

15 / 

5095. The method of claim 3091, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5096. The method of claim 5091, wherein at least one of the one or more heat sources is 
20 located in a heater well Jand wherein at least one of the heater wells comprises a conduit 

located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conauit 

5097. The methoa of claim 5091 , wherein at least some of the heat sources are arranged 
25 in a triangular pattern. 

5098. The method of claim 5091, further comprising: 
monitoring a composition of the produced mixture; and 

controlling aroressure in at least a portion of the formation to control the composition of 
30 the produced mixture. 
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5099. The method of claim 5098, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5 1 00. The method of claim 5098, wherein the pressure is controlled such that pressure 
5 proximate to the one or more heat sources is greater than a pressure proximate to a 

location where the mixture is produced. / 

5101. A method for treating hydrocarbons in at least a portion of a coal formation 
wherein the portion has an average permeability of less than about 10 millidarcy. 

10 comprising: / 

providing heat from one or n/ore heat sources to the formation, wherein at least 
one of the one or more heat sources is located in a heater well; 

allowing the heat to transfier from the one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
15 hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of the heater sources. 

20 5 1 02. The method of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at lease some hydrocarbons within the selected section of the 
formation. / 

25 5103. The method oi claim 5 1 0 L further comprising producing fluid from at least one 
of the one or more heat sources. 

5 1 04. The method of claim 5101, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
30 fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of tpe selected section. 
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5105. The method of claim 5101, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. / 

5 / 

5 1 06. The method of claim 5101, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5107. The method of claim 5101, wher/in at least one of the one or more heat sources is 
10 located in a heater well, and wherein a/least one of the heater wells comprises a conduit 

located in the formation, and further Comprising heating the conduit by flowing a hot 
fluid through the conduit. / 

5 108. The method of claim 510/1, wherein at least some of the heat sources are arranged 
15 in a triangular pattern. / 

5109. The method of claim 31 0 1 , further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
20 composition of the produced mixture. 

5110. The method of claim 5 1 09, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

25 51 11. The method off claim 5 1 09, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in atieast a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from/the one or more heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons afe pyrolyzed within the first selected section, and 
allowing the heat to transfer from the one or more heat sources to a selected second 
section of the formation such that Meat from the heat sources heats at least some 
hydrocarbons within the selected/second section to a temperature less than the average 
temperature within the pyrolysi6 zone; and 

producing a mixture comprising hydrocarbons from the formation. 

5113. The method of claim 5112. wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from the at least two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected first section of the 
formation, and whereinysuperposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
average temperature within the pyrolysis zone. 

5114. The method of claim 5112, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5115. The method of claim 5112, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 

5116. The idethod of claim 5112, further comprising allowing heat to transfer from at 
least one or the one or more heat sources to the selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 

5118. The method of claim 5112, whereiry(he heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112, ^herein the heat is provided such that an average 
temperature in the selected second/section ranges from approximately about 180 °C to 
about 250 °C. 



15 5120. The method of claim 5112, wherein a viscosity of at least some of the 
hydrocarbons in the selected sfecond section ranges from approximately about 20 
centipoise to about 1000 centipoise. 

5121. The method of claim 5112, wherein at least one of the one or more heat sources 
20 comprises an electrical heater located in the formation. 

5 1 22. The method of yfclaim 5112, wherein at least one of the one or more heat sources is 
located in a heater wdl, and wherein at least one of the heater wells comprises a conduit 
located in the forma/ion, and further comprising heating the conduit by flowing a hot 

25 fluid through the conduit. 

5 1 23. The method of claim 5112, further comprising: 
monitoiyig a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
30 composition of the produced mixture. 
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5 1 24, The method of claim 5 123, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5 125. The method of claim 5 123,. wherein ttfe pressure is controlled such that pressure 
5 proximate to the one or more heat sources \f greater than a pressure proximate to a 

location where the fluid is produced. 
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5 126. The method of claim 5 122, wherein the pressure in the selected second section is 
substantially greater than the pressure in the selected first section. 



5127. The method of claim 5 1 1 wherein at least some of the heat sources are arranged 
in a triangular pattern.. 

5128. The method of claim y£ 1 1 2, wherein an average distance between heat sources in 
15 the selected first section is jess than an average distance between heat sources in the 

selected second section. 

5129. The method of claim 5112, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

20 

5130. The method/of claim 5112, wherein the selected first section comprises at least 
one production we 

5131. The method of claim 5112, wherein the selected first section comprises a planar 
25 region. 

5132. The i^iethod of claim 5112, wherein at least one row of the heat sources provides 
heat to the planar region. 



30 5133. THe method of claim 5112, wherein at least one ring comprising the heat sources 
provides Aieat to the selected first section. 
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5 1 34. The method of claim 5133, wherein at least one/ing comprising the heat sources 
provides heat to the selected second section. 



5 5135. The method of claim 5133, wherein the ring comprises a polygon. 



5136. The method of claim 5133, wherein thd ring comprises a regular polygon. 



10 



5137. The method of claim 5133, whereirfthe ring comprises a hexagon. 



5138. The method of claim 5133, wherein the ring comprises a triangle. 



5139. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an averag^permeability of less than about 10 millidarcy, 

15 comprising: 

providing heat from threfe or more heat sources to the formation; 
allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation sucly that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
20 arranged in a substantially/triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 

5 1 40. The method of claim 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzgs at least some hydrocarbons within the selected section of the 

25 formation. 

5141. The method of claim 5139, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 



30 5 1 42. The met/hod of claim 5139, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5143. The method of claim 5139, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 

5 144. The method of claim 5139, wherein jx least one of the one or more heat sources 
comprises a electrical heater located in theyrormation. 

5 145. The method of claim 5139, whe/ein at least one of the one or more heat sources is 
located in a heater well, and wherein m least one of the heater wells comprises a conduit 
located in the formation, and further/comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5 146. The method of claim 5 1^9, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5147. The method of clainy5139, further comprising: 

20 monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5 1 48. The method of Alaim 5 1 47, wherein the pressure is controlled by a valve 
25 proximate to a location where the mixture is produced. 

5149. . The method /of claim 5 147, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where thq fluid is produced. 

30 
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